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INTRODUCTION 
Breeding for stalk-lodging resistance in maize (Zea mays L.) con­
tinues to receive major emphasis in private hybrid development programs 
and public research centers throughout the areas of maize production. 
Much improvement has been achieved, but hybrids with still better stalk 
strength are needed. Recent estimates have shown that premature senes­
cence of plants infected by stalk-rotting organisms and stalk lodging 
caused by stalk rot and/or inherently weak stalks result in annual yield 
losses of 5 to 25 percent. Because of a general tendency for lodging 
resistance to be negatively correlated with yield, gains in stalk quality 
have been hampered by Intense breeding efforts for higher productivity. 
Gains for stalk strength also have been partially offset by Increased 
application of nitrogen fertilizer and higher plant density under comr 
mercial grain production. 
The breeding problem is further complicated because good standabillty 
of a hybrid is dependent on possession of both high stalk strength and 
resistance to a complex of mostly soil-home pathogens responsible for 
development of stalk rot. Stalk strength and stalk-rot resistance are 
not always favorably correlated. The components of stalk strength and 
stalk rot may have very complex interactions with components of the environ­
ment such as fertility, temperature, moisture, and wind. However, these 
two traits generally have much smaller genotype by environment interac­
tions than does field standabillty. Therefore, selection for either 
trait has been more effective than selection against lodging under natural 
field conditions. Although highly effective, selection for resistance to 
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stalk rot after inoculation with stalk-rotting organisms and for stalk 
strength based on mechanical evaluations are often times accompanied by 
unfavorable correlated responses for other agronomic traits. 
The success of a breeding program depends not only on the selection 
criterion, but also on choosing the most effective breeding method based 
on the heritability of this trait. In the case of stalk quality, most 
research has indicated a quantitative mode of inheritance with mostly 
additive gene action. Quantitative genetic theory and empirical results 
have shown that recurrent selection based on selfed progeny means is 
highly effective for Improving stalk-lodging resistance and resistance 
to many maize diseases and pests. 
In 1968, a recurrent selection program for mechanical stalk strength 
and Diplodia stalk-rot resistance was begun by the Iowa State University 
maize breeding project. In separate experiments, selection vas practiced 
for both traits on the same set of lines derived from a broad genetic 
base population designated Iowa Synthetic #1 (BSl). By 1978, three cycles 
of selection had been completed for both methods of selection; thus 
there were seven populations available for evaluation. 
The primary objectives of this research were: 
(1) to evaluate direct responses to selection for stalk strength 
and stalk-rot resistance, 
(2) to investigate the relationship of these responses to field 
stalk quality, yield, and other pertinent agronomic traits, 
(3) to evaluate and compare genetic variability among S^ lines 
from the original and two cycle-three populations, and 
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(4) to evaluate the genetic relationships among agronomic traits 
of these lines. 
Because preliminary evaluations had shown that considerable correlated 
changes In yield and other agronomic traits had accompanied the changes 
for stalk quality» additional genetic materials were generated for evalu­
ation of the genetic basis of these changes (Martin, 1981). 
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REVIEW OF LITERATURE 
Stalk Quality 
Poor stalk quality is of major concern to maize breeders. Besides 
being aesthetically undesirable, it results in considerable annual yield 
losses to the farmer. Stalk quality refers to any component of the maize 
culm that promotes stalk-lodging resistance. Stalk lodging is generally 
defined as breakage of the stalk below the primary ear node before harvest. 
Susceptibility to any of a group of stalk-rotting organisms, which cause 
premature plant senescence and/or weakened stalks, and plants with weak 
stalks regardless of stalk rot will lead to stalk lodging. 
Yield losses from premature plant death caused by Dlplodia maydis 
and Gibberella zeae were estimated at 8.6 percent (Hooker and Britton, 
1962). Zuber and Rang (1978) estimated that yield losses from poor stalk 
quality may range from 5 to 25 percent annually. Other researchers have 
reported yield losses in the range of those predicted by Zuber and Kang 
(Koehler, 1960; Perkins and Hooker, 1979; Wysong and Kerr, 1969). Nagel 
(1973) showed that the yield differential between infected and noninfected 
maize plants from the same field was 21.1 bushels/acre. Healthy plants 
yielded 129.4 bushels/acre, while infected plants yielded only 108.3 
bushels/acre. Fusarium spp., rather than Diplodia, were the dominant 
stalk-rotting organisms. 
Because field environmental conditions are often unsuitable for opti­
mum selection efficiency of stalk-lodging resistance per se, breeders 
have had to develop alternative techniques as more quantitative measures 
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of stalk quality. Several such techniques (viz., stalk-rot resistance 
and stalk-breaking strength) have been very effective. 
Maize Stalk Rot 
Stalk rot is a very dynamic interaction between the maize plant, 
many stalk-rotting organisms, and all facets of the environment within 
which they live. Although D. maydis, IF. monilifome and G. zeae are 
often cited as the most important stalk-rotting organisms, there are 
many pathogens involved in the disease complex (Dodd, 1977). Cblletotrichum 
gramlnicola is rapidly becoming a major stalk-rot pathogen (White, 1977). 
Major enq>hasis will be devoted to jD. maydis in this review because it was 
the organism used for Inoculation and screening purposes in this research. 
This does not, however, eliminate conclusions about stalk rot in general 
because, as will be discussed later, there is generally very good agree­
ment among reactions to the major pathogens. 
D. maydis belongs to the class of Fungi Imperfecti, order 
Sphaerospidales and family Sphaerioidaceae. The biology of the organism 
was described by Johann (1939). The fungus produces two types of 
conidiospores. The most common spores are brown to olivaceous in color, 
generally two-celled, straight to slightly curved, and are 6x28 pm. The 
less common are long, thread-like, narrow, colorless, and 1.5x30 ym spores. 
Both are borne in pycnidla and, under warm, wet conditions, are exuded 
in a mucous-like matrix in long chains from these spore-bearing structures. 
When these spore chains dry they fragment and are then dispersed by wind 
currents (Ullstrup, 1977). 
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Smith and Hedges (1909) characterized the pathogen as overwintering 
in com stalk debris and entering the plant through the roots. It was 
later shown that the primary infection court for D^. maydis may be behind 
the leaf sheath of the first to third nodes above ground level (Durrell, 
1923, 1925). Durrell did not believe that the root was a very important 
infection point. 
Smith et al. (1938) used syringe inoculation of the lower internodes 
with a spore suspension of D. maydis to evaluate 13 single-cross hybrids 
of maize. After inoculation, pith and cortical spread of D. maydis gave 
correlations of 0.82 and 0.90, respectively, with natural field stalk 
lodging. High correlations also were obtained with natural stalk rot: 
Others also have shown that basal infection by stalk-rotting organisms 
is probably the most important (Hooker, 1956, 1957; Koehler, 1960). 
Hooker (1957) used the inoculation technique developed by Smith 
et al. (1938) to show that the first and second elongated internodes 
above ground level gave the greatest differential reaction among inbred 
lines of maize. When inoculations were made in the third intemode, or 
higher up the stalk, all lines tended to show a more susceptible reaction. 
The same study showed that inoculation any time between 1 to 3 weeks 
post-pollination would give the same stalk-rot reaction. 
Young (1943) and Wernham (1949) developed the toothpick and pipestem 
cleaner methods of inoculation for evaluating stalk-rot resistance. These 
methods involved inserting toothpicks or pipestem cleaners, containing 
stalk-rot organisms, into holes punched in the lower internodes of the 
stalks. Although these two techniques were proved effective, the tech­
nique developed by Smith et al. (1938) is currently the msot widely used. 
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Irrespective of the point of entry, most researchers agree that 
stalk rot is generally a disease of mature, senescing plants (Pappelis 
and Boone, 1966). Generally, as the plant reaches flowering, carbohy­
drate is translocated from the stalk to the developing ear. This reduces 
the vigor of the stalk, causing it to senesce and thus is predisposed 
to infection by stalk-rotting organisms. 2* moniliforme and £. graminicola 
are more agressive than maydis and may incite disease at early vegeta­
tive stages of plant growth (Young and Kucharek, 1977; Dodd, 1977). 
Davis et al. (1938) reported that a hot, aqueous extract from dried 
maize stalk tissue inhibited growth of D. maydis in culture. However, 
they did not find any association between D. maydis in culture with total 
water-soluble carbohydrate, reducing sugars, or total sugars. 
Later research showed that this inhibitory substance probably was 
sucrose or some other carbohydrate. Johann and Dickson (1945) demonstrated 
that a water-soluble, ether extract from com stalks during vegetative 
stages retarded growth of maydis. The effects of this substance varied 
with the relative resistance of the maize genotype and the stage of 
maturity. Craig and Hooker (1961) and Wysong and Hooker (1966) found 
highly significant, negative correlations between stalk rot and soluble 
solid content in the stalk. Fresh weight density and cell hydration were 
highly significantly correlated with stalk-rot resistance (Pappelis and 
Smith, 1963). Correlations of stalk rot with sucrose content were rela­
tively low and variable. 
Wall and Mortimore (1965) used six inbreds and their single crosses 
to study the relationship between plant growth pattern and stalk-rot 
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development. Stalk-rot resistance was associated with higher growth 
rate, greater leaf area, and higher stalk density. Resistant crosses 
continued to produce vegetative dry matter in the form of leaf and stalk 
tissue for two to three weeks after pollination, while susceptible geno­
types ceased vegetative dry matter production immediately after pollination. 
Several authors have identified specific chemicals that may be impor­
tant in stalk-rot resistance. Whitney and Mortimore (1959a and 1959b) 
identified a 6-methoxybenzoxazolinone (DIMBOÂ) extract from com stalks as 
being inhibitory to growth of D. maydis and F^. moniliforme» A water-
soluble, 1-butanol-soluble, glycoside stalk extract was associated with 
stalk-rot resistance of maize inbred lines (BeMiller and Fappelis, 1965). 
The glycoside varied with relative resistance of inbred lines and with 
the level of maturity for all genotypes. 
Genetic Relationship Between Host and Pathogen 
Regardless of the basis for resistance, most data have shown that 
the mode of inheritance for virulence in the pathogen and resistance in 
maize is very complex. Isolates of D. maydis have been shown to exhibit 
considerable variability for aggressiveness and environmental adaptiveness. 
Hoppe (1936) obtained 21 different isolates of D. maydis from 21 ears of 
corn collected from various regions of the U.S. Three different Isolates 
of 2" maydis obtained by Schroeder (1954) were shown to have different 
nutritional and environmental requirements. 
Kappelman et al. (1965) showed significant variation in virulence 
among 20 Isolates of D. maydis collected from different U.S. maize 
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production areas. There also was a significant genotype by isolate inter­
action, v^ich demonstrates the complex mode of inheritance of resistance 
to this pathogen. Similar results were found by Young et al. (1959) when 
they tested isolates from Minnesota, Missouri, and Oklahoma on different 
maize genotypes grown in these same states. In general, isolates were 
more aggressive in areas from which they were isolated. 
Durrell (1923) and Smith et al. (1938) noted that stalk-rot resist­
ance in maize showed heritable variability. Since these early reports, 
numerous research efforts have been devoted to evaluating and selecting 
for stalk-rot resistance. 
Andrew (1954) concluded that inheritance of resistance in maize to 
all major stalk-rotting pathogens was very complex. Maize genotypes 
show a continuum of stalk quality from highly susceptible to highly 
resistant. Sprague (1954) concluded that Inheritance of resistance was 
of a typical quantitative nature. After evaluating over 1,500 inbred 
lines. White et al. (1978) concluded that very few sources of resistance 
had a simple mode of inheritance. Inbred line MP305 seemed to contain 
a single dominant gene for resistance. Several inbred lines have been 
found with major genes or gene blocks for resistance to anthracnose stalk 
rot and leaf blight (Hooker, 1976). However, the majority of the 
materials evaluated showed a typical quantitative mode of inheritance. 
Using 13 reciprocal translocations, Hoffbeck (1962) cited chromo­
somes 2, 7, and 10 as the most likely to contain genes for resistance 
to D. maydis and 6. zeae. Chromosomes 6, 7, 8, and 10 seemed to carry 
different resistance genes for W22 and 4C063. In a similar study using 
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25 translocations, El-Rouby and Russell (1966) located major genes con­
trolling resistance to D. maydis in two highly resistant inbred lines 
(B14 and C103). Data on B14 testcrosses showed that it contained at 
least eight major genes or gene blocks for stalk-rot resistance. Test-
crosses of C103 to two susceptible checks showed that it had at least 
nine genes for resistance. This was a minimum number of genes because 
translocation data can only be used to link genes to a particular chromo­
some arm, and they do not identify specific loci. It also was noted that 
the 25 interchanges did not adequately cover all chromosome arms. 
Several studies Involving analysis of generation means have been 
used to partition genetic variance for stalk-rot resistance. Taylor 
(1952) used four inbreds and their Fp Fg, and generations to study 
inheritance of Diplodia stalk-rot resistance. Although some lines seemed 
to carry major genes for resistance, in general, the mode of inheritance 
was not clear. Rubis (1954) did conclude that additive genetic variance 
for Diplodia stalk rot was consistently more important than nonadditive. 
Dominance and eplstatic effects were significant in some instances. 
Based on the magnitude of the additive genetic variance. Rubis concluded 
that selection based on family means, such as progeny rows, would be 
much more effective than mass selection. 
Using generation mean analyses, Kappelman and Thompson (1966) evalu­
ated the inheritance of D. maydis stalk-rot resistance in eight maize 
populations. Additive effects were highly significant and the most 
important in all populations. However, dominance and eplstatic effects 
were significant in sijc and two populations, respectively. This suggests 
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that Improvement can be made by selecting for inbred performance, but 
the maximum value of a line will be determined only in hybrid combination. 
Russell (1961), after evaluating 35 inbred lines and their testcrosses, 
came to similar conclusions. From Russell's data, a double-cross tester, 
intermediate in stalk-rot resistance, was best for evaluating lines in 
hybrid combination. 
Maxwell and Thompson (1974) did a similar study using two testers 
with different levels of resistance and two D. maydis strains that dif­
fered in aggressiveness. The highly virulent strain of Diplodla was best 
for evaluating testcrosses with the resistant tester. However, the 
less virulent strain was more effective for discriminating among test-
crosses involving a susceptible tester. Therefore, the breeder must be 
conscious of the genetics of both the host and the stalk-rotting organism. 
Mechanical Breaking Strength and Structural 
Components of Stalk Quality 
Structural components such as thick rind, stalk diameter, pith density, 
and llgnln and cellulose content have long been noted as Important com­
ponents of stalk-lodging resistance. It was not until the mid-1920s, 
however, that experiments were designed to measure stalk strength and 
its components. 
Durrell (1925) used a very simple hand-operated device to measure 
the lateral-breaking strength of an Iowa variety, lodent. The device 
was later modified and used by Jenkins and Gaessler (1932, 1934) to mea­
sure stalk-breaking strength. Their results showed that breaking strength 
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could be used to measure lodging resistance. However, they also concluded 
that stalk diameter should be taken into consideration when measuring 
breaking strength. 
Zuber and Grogan (1961) later developed a method called crushing 
strength to evaluate mechanical stalk strength. Their method involved 
crushing a 5.1 cm stalk section end-on-end, rather than taking lateral-
breaking strength as developed by Durrell (1925) and Jenkins and Gaessler 
(1932, 1934). Zuber and Grogan evaluated crushing strength, rind thick­
ness, stalk diameter, and stalk section weight on six inbred lines and 
their 15 F^, 30 BC^, and 30 BC^ progenies. Their data showed that crush­
ing strength and rind thickness were highly correlated with field stalk 
lodging. It was concluded that because of its relative ease of measure­
ment and high correlation with lodging, rind thickness would be the best 
criterion for evaluating stalk strength. 
Pickett et al. (1969) investigated two techniques for nondestructive 
measurements of maize stalk strength. Tranverse loading or stalk deflect­
ing was used to measure stalk stiffness and a penetrometer was used to 
measure rind strength. It was shown that minor (short) stalk diameter 
was most important in determining stalk strength (stiffness). There 
also was a close association between rind strength and stalk stiffness. 
Rind strength explained 89 percent of the variability in stalk stiffness 
among resistant, intermediate, and lodging-susceptible inbreds. Cloninger 
et al. (1970) also noted that the rind was more important in conferring 
stalk strength than was the pith. The relative magnitude of this contri­
bution from the rind increased with increasing stalk strength. The 
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authors suggested that techniques such as rind strength, rind thickness, 
and stalk strength should be more effective for stalk quality improve­
ments than would selection based on pith condition. 
Foley (1969) reported on extensive research on the development of 
stalk rot and its association with changes in other stalk traits. He 
concluded that stalk-breaking strength would be a good indicator of stalk 
quality in early stages of rot development. However, he believed that 
later measurements of stalk strength would be confounded by weakened 
stalks due to severe stalk-rot development. 
Genetics of maize stalk strength 
The literature relating to genetics of stalk strength is not as 
voluminous as that on stalk rot. Most available information, however, 
indicates a typical quantitative mode of inheritance. 
Loesch (1972) was the first to do a comprehensive quantitative genetic 
examination of stalk strength and its components. His diallel analysis 
of twelve maize inbreds showed that additive effects (gca) were much more 
important than were nonadditive (sea) for eight stalksstrength traits. 
Significant sea effects were found for major stalk diameter, stalk section 
weight, and crushing strength, but they were of minor importance in com­
parison to gca effects. 
The inheritance of four anatomical traits believed to be associated 
with stalk strength also was evaluated in the same diallel analysis (Chang 
and Loesch, 1972). Results on area of a stalk cross section, area of the 
rind, area of the pith, and the number of vascular bundles in the pith 
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showed that these traits were highly heritable and controlled by mostly 
additive types of gene action. 
Arnold and Josephson (1975) used generation mean analyses based 
on four Inbred lines, their six and Fg progenies, and 12 BC^ popula­
tions to study the inheritance of crushing strength, rind thickness, and 
percent senescent stalks. Additive genetic effects were most Important 
for all traits. Additive effects were significant in 10 of 16 compari­
sons, while dominance was significant only once. Epistasls was more 
important than dominance, with dominance x dominance eplstatlc effects 
being significant in at least one cross for each trait. 
Reciprocal translocations were used to locate genes controlling 
three stalk strength traits in B14A and B37, which are two maize inbreds 
with high stalk quality (Kang et al., 1979). A minimum of six and seven 
chromosome arms carried genes for crushing strength in B14A and B37, 
respectively. Four arms in B37 carried genes for rind thickness, while 
only two arms in B14A were associated with rind thickness. Stalk section 
weight was associated with genes in nearly all linkage groups in both 
inbreds. These data Indicate that stalk quality is controlled by many 
genes; thus, some type of recurrent selection should be the best method 
for improving stalk quality. 
Correlations Among Stalk Quality Components 
Although evidence has been presented pertaining to the association 
of stalk-rot resistance and stalk strength to lodging resistance, there 
also are many detailed reports on correlations among components of these 
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two traits. Correlation studies also have been conducted on stalk quality 
with other agronomic traits in unselected populations. 
Under field conditions, Sprague (1954) found a high degree of associ­
ation between jD. maydis and G. zeae stalk-rot resistance (r=0.94). The 
correlations for Glbberella and Diplodia stalk rots with root necrosis 
were 0.87 and 0.87, respectively. 
Hoffbeck (1964) investigated the relationship of D. maydis and G, zeae 
to field stalk lodging. After evaluating random Sj^ lines from three F g 
populations, a significant, positive genotypic correlation was found be­
tween reaction to Diplodia and stalk breakage in only one population. 
The relationship between stalk breakage and reaction to £. zeae was evalu­
ated in only one population and there was a negative, but nonsignificant, 
association. Reactions to the two organisms showed a highly significant, 
positive correlation. Other researchers working with Diplodia and 
Glbberella also have found good association between their reactions on 
different maize genotypes (Hooker, 1956; White, 1978). 
Data on 40 early-maturity and 40 late-maturity maize inbreds indi­
cated a positive, but low, association between reactions to £. graminicola 
and D. maydis (White, 1977). Other studies also have shown positive, but 
generally higher correlations between the two organisms. This would be 
expected because most of the major stalk rots seem to be favored by simi­
lar environmental conditions (Hooker, 1976; Miles et al., 1980; White, 
1978). 
Durrell (1925), in laboratory experiments, showed that D. maydis and 
Fusarium spp. could degrade cellulose and, to some extent, llgnin. 
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A more extensive study was conducted by Ikenberry (1964). He investi­
gated the relationships of oellulase activity, stalk strength, and pith 
conditions among four maize single crosses with varying levels of stalk-
rot resistance. It was shown that fungal cellulase activity in the stalks 
was directly related to pith deterioration, and they both were inversely 
related to stalk-breaking strength. 
Loesch et al. (1962, 1972) showed that inoculation with D. maydls 
caused considerable reduction in stalk strength. The reduction was caused 
by deterioration of the pith and was more severe in lodging-susceptible 
than in lodging-resistant genotypes. Because of this association between 
stalk-rotting organisms and stalk strength, one would expect stalk-strength 
selection under stalk-rot conditions to be more effective than either of 
the methods singly. 
Zuber et al. (1957) evaluated six maize inbreds and their 15 and 
30 BC^ progenies for field stalk lodging, reaction to two stalk-rotting 
pathogens (D. maydls and G. zeae), and chemical composition of the stalk. 
The chemical analyses shewed that ash, crude fiber, lignin, and cellu­
lose contents were positively correlated with stalk-rot resistance. 
However, the correlations were not large enough to have sufficient pre­
dictive value for a selection program. Stalk lodging was not correlated 
with reaction to either of the organisms. Ash and cellulose contents 
were positively associated with stalk lodging. This was not expected 
because ash is mostly composed of potassium and silica, and potassium 
is Important for stalk strength (ITlghtlngale, 1943). Cellulose also is 
the major component of the cell wall, which confers rigidity and lodging 
resistance to maize stalks. 
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A later study by Zuber and Loesch (1966b) showed even higher nega­
tive correlations of ash content with crushing strength (r=-0.76), rind 
thickness (r=-0.61), and stalk section weight (r=-0.70). The associa­
tions with potassium were negative, but nonsignificant. 
Work on other stalk quality components has shown very good agreement 
for stalk strength, rind strength, specific gravity, sugar content, and 
others (Thompson, 1964, 1970; Colbert and Zuber, 1978; Miller and Myers, 
1974; Singh et al., 1969; Twumasl-Afrlyie and Hunter, 1982). Generally, 
one can conclude that selection for stalk strength, stalk-rot resistance, 
or rind strength will give the greatest gains. 
Environmental Influence on Stalk Quality 
The literature pertaining to environmental influences on atalk quality 
is extensive and, in many Instances, Inconsistent over different areas 
and genotypes. Nevertheless, one can conclude that any environmental 
factor, whether it is moisture, fertility, heat, disease, defoliation, 
or other, that puts a stress on the plant will weaken and predispose it 
to infection by stalk-rotting organisms and/or to environmental factors 
(viz. wind and rain) that will ultimately result in lodging (Pardee, 1966). 
DeTurk et al. (1936) and Holbert et al. (1935) were the first to 
show a direct relationship of stalk carbohydrate and sugar concentrations 
with stalk-rot development. They also showed that factors such as defoli­
ation, high grain yield, and attack by chinch bug may reduce the amount 
of carbohydrate in the stalk and prédispose the plant to stalk-rot 
development. The end result is the same, but the mechanism by which 
these factors induce stalk lodging is different. Defoliation limits the 
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total amount of carbohydrates produced, which may reduce yield and in­
crease stalk rot simultaneously (Pinter and Kalman, 1979). High grain 
yield; however, results in translocation of excess amounts of photosyn-
thate from the stalk, especially during the rapid grain-fill period (Hume 
and Cambell, 1972; Daynard et al., 1969). But insects and diseases may 
have a photosynthate-inhibiting and removal effect on the plant. 
Since the work by DeTurk et al. (1936) and Holbert et al. (1935), 
numerous reports have been published on the relationship of stalk carbo­
hydrate level and stalk quality (Mortimore and Ward, 1964; Mortimore and 
Wall, 1965; Pappelis, 1970). Esechie et al. (1977) also have shown a 
carbohydrate stress relationship with stalk rot in sorghum. 
Dodd (1977, 1980) used an abundance of information available on this 
subject to formulate a "Photosynthetic Stress-Translocation Balance 
Hypothesis." According to this hypothesis: (1) as the root cells senesce, 
coim plants are predisposed to stalk rot because of a reduction of carbo­
hydrates to maintain metabolic functions including resistance; (2) the 
availability of carbohydrate to the root tissue is being influenced by 
the environmental stresses affecting photosynthesis and by competition 
for carbohydrate by the grain; (3) if the combination of photosynthetic 
stresses and translocation balance reduces carbohydrate to root tissue, 
the senescing cells lose resistance to microorganisms; (4) microorganisms 
invade and destroy root tissue, causing the plant to wilt and prematurely 
die; and (5) stalk-rotting organisms subsequently invade the dead stalk 
tissue, causing a reduction in its strength and frequently resulting in 
lodging. 
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Generally, this hypothesis is highly plausible; however, the author 
failed to include the fact that the lower nodes have been shown to be as 
important as the roots as an infection court. Also, a combination of an 
aggressive pathogen (i.e., C. graminicola) and a highly susceptible geno­
type will result in stalk rot and lodging without any apparent stress. 
It has been recognized since the 1930s that soil fertility had a 
direct influence on maize stalk quality (Christensen and Wilcoxson, 1966). 
Potassium (K) and nitrogen (N) have been cited as the most important 
elements. 
Nightingale (1943) first noted that potassium was associated with the 
development of thicker cell walls and stiff stalks. Otto and Everett 
(1956) studied the effects of N and K on stalk-rot development of several 
maize hybrids. In general, the severity of stalk rot was increased by 
application of N and decreased by an increased supply of K. Nitrogen had 
the greatest effect on stalk rot when soil was deficient in K. 
Data from experiment stations in Illinois, Minnesota, and Texas 
showed that application of K significantly reduced stalk rot, especially 
under low K soils. A good balance of N and K gave the best yields and 
lower stalk rot and stalk breakage (Anonymous, 1965). Similar findings 
were reported by Foley and Wemham (1957). Thus, it appears that stalk-
rot resistance is affected more by an unbalance of N and K rather than 
an absolute deficiency of either (Thayer and Williams, 1960). 
Contrary to these reports, Younts and Musgrave (1958) reported that 
a balance between the chloride ion (C1-) and N was more important than 
the N/K ratio. Martens and Arney (1967a, 1967b) reported that both CI 
and K were Important for pith cell senescence. Therefore, they concluded 
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that both K and CI were important for pith vigor. One disparity of these 
results was that both K and CI increased Diplodia stalk-rot development. 
A re-evaluation of this study by Liebhardt and Munson (1976) showed that 
K and not CI was responsible for delaying cellular senescence. 
Research data also have revealed that balanced fertility levels are 
important for maximum development of s talk-strengthening con^onents. 
Abney and Foley (1971) used three single crosses that varied in resist­
ance to stalk rot to study the effect of K and N on stalk quality. Over 
a three-year period with varying N and K ratios, they showed that in only 
one comparison were stalks grown on N with no K stronger than those grown 
on K with no N, whereas treatments that received K had consistently higher 
breaking strength than those with zero K. Both N and K delayed the onset 
of cell death in the stalks. 
Arnold et al. (1974) used four N, P, and K levels to test the effects 
of nutrients on stalk quality. Nitrogen and F had little effect on stalk 
quality, except to give slightly higher crushing strength and cell-vigor 
rating (less senescent cells) at the low application (67 kg/ha N and 30 
kg/ha P). Potassium showed a highly significant Increase in crushing 
strength, rind thickness, and vigor rating. 
Recurrent Selection 
History and theory 
When a trait is controlled by a few genes (qualitative inheritance), 
each having a large effect relative to the phenotype, the breeder can 
usually grow enough plants to have a good chance of selecting the best 
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genotype. However, most traits of Importance to the maize breeder are 
controlled by many genes (quantitative inheritance), each having a small 
effect relative to the phenotype, and are difficult to select. Lindstrom 
(1939) outlined the difficulties of selecting for quantitative traits: 
(1) large number of genes, (2) masking effects of the environment, (3) 
complicated systems of gene Interaction, and (4) Inadequate methods of 
isolating and evaluating lines. Recurrent selection has been proposed 
as a procedure to overcome these difficulties. 
The name recurrent selection is derived from the fact that the pro­
cedure is conducted In recurring cycles of three phases each: (1) develop­
ment of progeny from a breeding population, (2) evaluation of progenies, 
and (3) intermating or recombining superior progenies for development 
of a new breeding population. Theoretically, recurrent selection should 
shift the mean of a population in the desired direction without unduly 
reducing the genetic variance. The mean is changed in a desired direc­
tion by increasing the frequency of favorable alleles. Variability is 
maintained by recombining selections with different favorable alleles. 
The idea of recurrent selection was first suggested by Hayes and 
Garber (1919). They proposed selflng individual plants, crossing the 
selected selfed lines, and reselectlng within the Intermated population 
for production of synthetic varieties. Jenkins (1940), however, is 
generally given credit for the first detailed outline of the procedure. 
He also proposed this procedure as a method of producing synthetic 
populations. The procedure as outlined by Jenkins was as follows: 
22 
(1) The Isolation of one-generation selfed lines; 
(2) Testing of these lines in topcrosses for yield and other 
characters to determine their relative endowments with 
respect to genes affecting these characters; 
(3) Intercrossing the better-endowed selfed lines to produce 
a synthetic variety; 
(4) Repetition of the above process at intervals after each 
"synthetic variety" has a generation or two of mixing, 
possibly with the Inclusion of lines from unrelated sources. 
Since these original proposals for recurrent selection, many variants 
have been added to the list. Recurrent selection Is generally classified 
into Intrapopulatlon and interpopulation Improvement methods. Detailed 
discussions of these methods are given by Sprague and Eberhart (1977) 
and Hallauer and Miranda (1981). The method of primary concern in this 
study is recurrent selection, which is classified as an Intrapopula­
tlon Improvement method. It Is very similar to the original Idea sug­
gested by Hayes and Garber (1919). Theoretical prediction equations and 
empirical results show that recurrent selection should be very effec­
tive for traits such as stalk-rot resistance and stalk strength, which 
are controlled by mostly additive gene action (Sprague and Eberhart, 1977; 
Hallauer and Miranda, 1981). 
Miles et al. (1980) compared predicted gain for mass selection, S^ 
family selection, and half-sib family selection for northern leaf blight, 
anthracnose leaf blight, anthracnose stalk rot, and Dlplodla stalk rot 
based on half-sib variance component estimates for two maize synthetics 
(RSL and RSSSC). Predicted gains for northern leaf blight resistance 
were greater for mass selection (pollination after evaluation) than for 
either half-sib or Sj^ family selection when evaluating 20 plants/family. 
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For Dlplodla and anthracnose stalk rots, Sj^ family selection (20 plants/ 
family) and mass selection would give similar gains/year. Gain/year for 
half-sib selection would be lower than for either of the fonner. On a 
gain/cycle basis, selection was predicted to be the superior method. 
Yield was predicted to have a positive response to selection for disease 
resistance. However, later data of predicted and actual gains from half-
sib and modified ear-to-row selection showed negative responses (Miles 
et al., 1981). 
In addition to direct response, correlated changes in other agronomic 
traits usually accompany population improvement. Russell et al. (1979) 
attributed these correlated responses in secondary traits to linkage, 
inbreeding depression, and pleiotropism. Genetic drift, caused by recombi­
nation of a few lines between each cycle of selection, can also contribute 
to changes in secondary traits. If the genotyplc correlation is known 
between the primary and secondary traits, the predicted correlated response 
is relatively simple to derive (Falconer, 1960; Hallauer and Miranda, 
1981). 
Correlated changes caused by inbreeding depression and/or genetic 
drift cannot be predicted. Statistical models have been developed to 
partition changes in the mean caused by gene frequency changes from selec­
tion and those caused by inbreeding depression and drift (Hammond and 
Gardner, 1974; Smith, 1979a, 1979b). These models pertain to changes 
caused by directed selection. However, as evident from the prediction 
equation they can readily be equated to correlated responses. 
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Direct and correlated responses to selection 
Jlnahyon and Russell (1969a, 1969b) were the first to report on exten­
sive research to evaluate recurrent selection for improvement of Diplodia 
stalk-rot resistance in a maize variety (Lancaster). Using a Diplodia 
stalk-rot-rating scale of 1 to 6 (1—highly resistant, 6—highly suscept­
ible), the average gain per cycle after three cycles of selection was 0.7. 
Evaluation of a diallel set of population crosses and testcrosses to 
two check varieties showed that additive genetic effects were more important 
than nonadditive for stalk-rot resistance. Eleven out of 14 secondary 
traits measured showed correlated responses with improved stalk-rot 
resistance. There were significant increases in plant height, ear height, 
stalk strength, stalk-lodging resistance, days to silking, and grain 
moisture. Although some of the changes such as increased plant height 
and grain moisture and delayed maturity are undesirable, there was no 
significant change in grain yield. 
Devey (1982) evaluated the Lancaster population after one additional 
cycle of stalk-rot selection and three cycles of selection for stalk 
strength. The combined effects of four cycles of selection for Diplodia 
stalk-rot resistance and three cycles of stalk-strength selection were 
to reduce field stalk lodging from 31.6 percent in the CO to 0.3 percent 
in the C7. Natural stalk rot was reduced from 44.2 percent in the CO to 
1.0 percent in the C7. Both methods of selection were highly effective 
in improving stalk-rot resistance, stalk strength, and rind strength. 
After four cycles of stalk-rot selection, progress began to plateau. 
Three additional cycles of stalk-strength selection, however, showed 
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essentially continuous linear Improvement In all stalk-quality traits. 
This suggests that selection for stalk strength was more effective than 
selection for stalk-rot resistance. Despite the tremendous progress made 
for stalk quality, there were many adverse effects on other agronomic 
traits. The most Important of these effects were a five-day delay In 
maturity and a 26.5 q/ha drop In grain yield. After seven cycles of 
selection, the population had a theoretical Inbreeding coefficient of 
F=0.22. Therefore, a large portion of the yield reduction could have 
been caused by Inbreeding depression. 
Using artificial Inoculation, Hooker (1973) reported that selection 
for resistant. Intermediate, and susceptible reactions to Dlplodla were 
highly effective in an maize population. There was no correlation 
between yield and stalk-rot reaction. The three highest yielding resist­
ant selections were superior to the best selection from the susceptible 
population. 
Three cycles of mass selection with recombination of lines were 
effective in improving stalk-deflecting strength and stalk-lodging resist­
ance of a maize synthetic (Davis and Crane, 1976). The third cycle was 
not as effective as cycles 1 and II. This was an indication that genetic 
variability was being depleted. Even though the method was effective, 
the authors concluded that rind thickness increased after pollination 
and that selection for stalk strength before pollination would not be 
very practical. Martin (1981) also observed a significant increase in 
stalk and rind strength after pollination for a lodging-resistant single 
cross (B14AXC103). However, after evaluation of stalk strength for 
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several single crosses and populations over two dates, he concluded that 
selection would be effective at either date. Colbert and Zuber (1978) 
suggested that selection for rind strength before pollination would effec­
tively improve stalk strength. 
Davis and Crane (1976) also observed a significant reduction in yield 
of both the populations and population crosses after each cycle of selec­
tion. The third cycle showed the greatest yield reduction (14.8 percent). 
This yield reduction was attributed to a change in partitioning, which 
allowed more photosynthate to remain in the stalk rather than being trans­
located to the grain. There were no associated changes in grain moisture, 
plant height, and ear height with rind thickness. The authors concluded 
that selection for stalk quality and yield, simultaneously, on a progeny 
mean basis would be the best method of selection. Martin (1981) came to 
similar conclusions after evaluating three cycles of stalk-rot and stalk-
strength selection on the same population. 
Thompson (1963) evaluated three cycles of reciprocal half-sib selec­
tion for high and low stalk-lodging resistance in two maize synthetics. 
In addition to Increased lodging resistance, high selection Increased 
crushing strength and rind thickness, while a significant decrease was 
observed for yield. Selection for lodging susceptibility decreased lodg­
ing resistance, crushing strength, rind thickness, and yield. Because 
selection for both lodging resistance and susceptibility resulted in 
reduced yield, Thompson attributed the reduction to inbreeding depression 
rather than a change in gene frequency. Three additional cycles of selec­
tion resulted in a significant yield reduction in both the populations 
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and population crosses (Thompson, 1972). This would indicate more of a 
change in gene frequency. 
Zuber (1973) reported on a study involving recurrent selection for 
high and low stalk-crushing strength in two maize synthetics (tfi)SQÂ and 
MOSQB). The mean increase for four cycles of selection for high crushing 
strength was 56.7 kg. The average decrease from low selection was 24.5 kg. 
Evaluation of concomitant changes in secondary traits with in^roved stalk 
strength showed a linear increase in weight of a 5 cm stalk section, rind 
thickness, rind strength, days to silking, ear height, test weight, 
500-kemel weight, and cob-crushing strength. Selection for low crushing 
strength generally showed an inverse relationship with selection for high 
crushing strength. Neither method of selection resulted in a significant 
change in grain yield. 
After one additional cycle of selection, the two populations were 
further evaluated by Undersander et al. (1977) for changes in rind, pith, 
and whole stalk composition. Relative to the CO, selection did not change 
any of the chemical components (i.e., ADF, lignin, cellulose) when mea­
sured on a whole stalk basis in either population. Selection for low 
crushing strength did decrease the lignin concentration of the rind in 
population MOSQA. No change was observed in pith composition. This 
might be expected because the rind has the greatest influence on total 
stalk strength. When the advanced cycles from high and low selection 
were compared, significant differences were found in lignin percentage 
on a whole plant basis for both populations. Thus, the authors concluded 
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that considerable improvements can be made for stalk strength with only 
a slight change in stalk composition. 
Extreme plant and ear heights are common occurrences in tropical 
maize cultivars. The maximum height reached by these cultivars tends 
to make them more prone to stalk and root lodging. Stalk lodging has 
been reduced in several tropical populations by using recurrent selection 
to reduce plant and ear height. 
Selection for lower plant and ear height in two exotic maize popula­
tions (Antigua x (BIO x B14) and (ETO x CBC) was highly successful (Âcosta 
and Crane, 1972). Decreased plant height was the result of shorter 
intemodes. These shorter and stronger intemodes led to significantly 
less stalk lodging in the Antigua population. There was no change in 
number of intemodes. 
In addition to stalk-quality improvement, S^ recurrent selection has 
been effective for improving resistance to other maize diseases and in­
sects (Ajani and Lonnguist, 1979; Penny et al., 1967; Russell et al., 
1979; Scott and Rosenkranz, 1974). With traits such as yield that 
generally show a high level of dominance, S^ selection often has proved 
to be as effective as half-sib selection for improving the mean of the 
population per se and the population testcrosses (Center, 1973; Carangal 
et al., 1971; Burton et al., 1971). 
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MATERIALS AND METHODS 
Plant Materials 
The basic material used in this study was a maize synthetic popula­
tion designated "Iowa Synthetic #1" (BSl). The population and selection 
procedures were described by Martin (1981), but, because they are pertinent 
to the ensuing discussion, this information is being extracted and pre­
sented in its entirety. 
BSl was obtained by crossing Iowa Two-Ear Synthetic #1 C2 (BSIO) 
and Iowa Com Borer Synthetic #3 (BSCB3) and random mating for two 
generations. BSIO was developed by Intermatlng 10 two-eared inbred 
lines and then using two cycles of mass selection to Improve its prolific 
tendency. BSCB3 was developed by intermatlng 16 Inbred lines that had 
resistance to first-generation European com borer (Ostrlnla nub Halls). 
Thus, BSl is a broad genetic-base population that has a relatively high 
frequency of genes for corn borer resistance, prolificacy, and general 
combining ability for yield and stalk quality. 
A breeding program was started in 1968 by W.A. Russell (Iowa State 
University) to improve stalk quality in BSl by recurrent selection for 
Diplodla stalk-rot resistance and mechanical-breaking strength of the 
stalks. The original population and the Improved stalk-rot and stalk-
strength populations from three cycles of recurrent selection will be 
designated BSICO, BSISRCI, BS1SRC2, BS1SRC3, BSIMSCI, BS1MSC2, and 
BS1MSC3, respectively. 
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In 1968, approximately 650 of the earliest maturing plants were 
self-pollinated in BSICO. These plants were inoculated with a D. maydis 
spore suspension within one week after the last plants were selfed. 
Selfed ears were harvested from 240 plants on the basis of stalk-rot 
resistance and other plant and ear traits. In 1969, the 240 lines 
were planted in two experiments with three replications for evaluation 
and selection on the basis of stalk-rot resistance in one experiment 
and stalk strength in the second experiment. The source population, 
BSICO, was entered five times in each replication. Twenty-five lines 
were discarded after pollination because of undesirable agronomic 
traits; consequently, data were taken on 215 lines in each experiment. 
The lines in one experiment were inoculated with D. maydis and 
evaluated approximately 45 days later using a rating scale of 1 to 6 
(1—highly resistant, 6—highly susceptible). The lines in the second 
experiment were evaluated for stalk strength 35 days after average 
mid-silking. A machine designed to measure the amount of transverse 
force (lbs) required to break the stalk at the second elongated intemode 
was used for stalk-strength measurements (Durrell, 1925). Dates of 50 
percent pollen-shed were taken on all entries in both experiments, but 
the tags containing these data were destroyed by a wind and hailstorm 
before they could be transferred to a notebook. Consequently, there 
was no information on maturity for this cycle of selection. Data from 
both experiments were taken on individual plants, but all analyses were 
made on plot mean basis. The analyses of variance of the data for the 
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two traits of the 215 lines are given in Table 1. Also shown are 
variance components estimates for entries (b^)> heritabilities on a 
progeny mean basis (H), and the coefficients of variability (C.V.)• 
Ten percent (22) of the superior Sj^ lines were selected for recombina­
tion and development of the BSlSRCl population. Also, the top 10 per­
cent (22) of the lines were selected on the basis of stalk strength 
for recombination and development of the BSIMSCI population. Pertinent 
data for the lines evaluated, the selected lines, and BSICO are shown 
in Table 5. The selection differentials were -0.84 for stalk-rot ratings 
and 16.2 kg for mechanical strength. 
Table 1. Analyses of variance for stalk-rot rating and stalk strength 
of 215 S]^ lines from BSICO and five check varieties^ 
Mean squares 
Source d.f. Stalk rot Stalk strength 
Replications 2 0.70 921.82 
Entries 219 1.11** 230.50** 
Error 438 0.22 74.76 
4 0.28 51.91 
H 57.6% 41.0% 
C.V. 23.8% 18.2% 
^he check varieties were five entries of BSICO In each replication. 
** 
Significant F-tests at the 0.01 level of probability. In this and 
in all subsequent tables. 
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Both sets of selected lines were intennated using a two-step 
process. The first step was to make a partial diallel of lines from 
each set in a winter nursery In Florida. Then, equal quantities of 
seed from each cross within a set were bulked, planted, and random-
mated by chain-crossing at the Agronomy Farm near Ames, Iowa the 
following summer. 
The second cycle of selection was begun in 1972 when plants in 
the BSlSRCl and BSlMSCl populations were self-pollinated. All plants 
in both populations were evaluated for first-brood com borer resistance 
before silking and for Dlplodia stalk-rot resistance during harvest. 
Based on com-borer and stalk-rot resistance and other agronomic traits, 
130 and 119 selfed ears were saved from BSlSRCl and BSlMSCl, respectively. 
In 1973, the two sets of S^ lines were planted in replicated experiments 
with three replications each. BSICO and the appropriate 01 population 
were entered five times per replication in the stalk-rot experiment and 
four times In the stalk-strength experiment. Another replication of 
each experiment was planted in the first-brood com borer nursery. The 
130 S^ lines from BSlSRCl and the CO and Cl populations were inoculated 
and evaluated for Dlplodia stalk rot in the same manner as described 
previously for the S^ lines from the CO population. The 119 Sj^ lines 
from BSlMSCl and the CO and selected Cl populations were evaluated for 
stalk strength as previously described, and also for rind strength 
by way of rind puncture with a penetrometer. Dates of 50 percent 
pollen-shed and 50 percent silking were taken on all experiments. 
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The analyses of variance for lines from BSISRCI and BSIMSCI popu­
lations are presented in Tables 2 and 3, respectively. Also shown in 
2 
each table are the C.V.'s and estimates for and H. The populations 
were not entered in the analyses of variance because they were more 
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vigorous than the lines and could possibly bias the estimates of 0^ 
and the error mean square. Pertinent data for all lines and 
selected lines in each experiment are shown in Table 5. Also shown 
are data for the CO and Cl population entered in each experiment. The 
selection differential was -0.79 for stalk-rot rating and 29.5 kg for 
mechanical strength. Fourteen lines for BSlSRCl were selected on 
the basis of stalk-rot resistance, first-brood corn borer resistance, 
maturity, and agronomic appearance. These lines were selected so that 
their average date of pollen shed would not be later than the mean of 
all lines evaluated. 
Twelve lines from BSlMSCl were selected to be recombined for 
production of the BS1MSC2 population. Rind strength and first-brood 
com borer ratings of the selected lines were considerably better 
than the mean of all lines. Average pollen shed date of selected lines 
was no later than that for all lines evaluated. Recombination of the 
selected lines for both methods of selection was the same as described 
for the Cl cycles. 
In 1975, the third cycle of selection was begun by self-pollinating 
plants in BS1SRC2 and BS1MSC2. All plants in both populations 
were evaluated for resistance to first-brood com borer and D. maydis 
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Table 2. Analysis of variance for stalk-rot rating of 130 S, lines from 
BSISRCI . 
Mean squares 
Source d.f. . Stalk rot 
Replications 2 2.89 
Entries 129 1.10** 
Error 258 0.23 
H 78.4% 
C.V. 23.4% 
Table 3. Analyses of variance for stalk strength and rind strength of 
119 S, lines from BSlMSCl 
Source d.f. 
Mean squares 
Stalk strength . Rind strength 
Replications 
Entries 
Error 
4 
H 
C.V. 
2 
118 
236 
31.57 
243.22** 
53.30 
97.58 
84.6% 
14.2% 
6.62 
0.47** 
0.05 
0.11 
70.3% 
5.3% 
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stalk rot as described previously. On the basis of these two evaluations 
and agronomic appearance, 212 and 219 selfed ears were harvested from 
BS1SRC2 and BS1MSC2, respectively. In 1976, 200 lines from each set 
were evaluated in replicated experiments with three replications/entry 
for stalk-rot resistance and stalk strength as previously described. 
BSICO and the appropriate CI and C2 populations were entered four times 
per replication in each experiment. The entries were not evaluated for 
com borer or rind strength. However, the date was recorded in each 
plot when 50 percent of the plants had reached anthesis. 
Analyses of variance for stalk-rot ratings and stalk strength are pre­
sented in Table 4. Also shown in Table 4 are the C.V.'a and estimates of 
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and H for each trait. Data for the evaluated lines* the selected lines, 
and the CO, CI, and C2 populations are shown in Table 5. The relatively 
high stalk-rot reaction may have been caused by severe hail damage in late 
June and drought stress later In the growing season. Probably the stalk 
strength of the lines was affected similarly, as is suggested by the 
strength values for the lines and the source population in Table 5. 
For each trait, 20 superior lines were selected for recombination 
to give the BS1SRC3 and BS1MSC3 populations. The selection differential 
was -0.84 for stalk-rot rating and 13.5 kg for stalk strength. Recombina­
tion of the selected lines was obtained as described previously. 
Preliminary evaluations of the original and all improved cycle-
populations were conducted by Martin (1981). However, additional genetic 
materials were generated in 1979 and 1980 for more extensive evaluation of 
direct and correlated responses to three cycles of stalk-strength and 
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Table 4. Analyses of variance for stalk-rot rating of 200 Si lines from 
BS1SRC2 and stalk strength of 200 lines from BS1MSC2 
Mean squares 
Source of variation d.f. Stalk rot Stalk strength 
Replication 2 45.50 93.81 
Lines 199 1.24** 242.58** 
Error 398 0.54 53.29 
CM 
0.23 63.10 
H 56.2% 70.9% 
C.V. 30.9% 29.9% 
stalk-rot selection. Testcrosses of all populations to a poor stalk 
quality single cross (Os420xl87-2), Improved population crosses (BSlMSClx 
BSISRCI, BSlMSC2xBSlSRC2, and BSlMSC3xBSlSRC3), and 100 random lines 
from the original and two cycle-three populations were produced in 1979. 
Three single-cross checks with varying levels of stalk quality were avail­
able for study (Os420xl87-2, low; Bl4AxOh41, Intermediate; and Bl4AxC103, 
high). Appropriate resistant checks were also secured for first- and 
second-generation European com borer evaluations (B75xCI31A and BS9C3, 
respectively). 
In 1980, seed was produced of the two cycle-three populations back-
crossed to the original population (BSlC0xBSlMSC3 and BSlC0xBSlSRC3). 
Population selfs were generated by compositing 10 seeds from each of 
136, 125, and 153 lines for the BSlCO, BS1MSC3, and BS1SRC3 popula­
tions, respectively. 
Table 5. Means and ranges of mean values of selected and unselected lines from the original 
population, and the CI and C2 improved populations from recurrent selection for stalk-
rot resistance and stalk strength 
Cycle of 
selection 
No. of 
Sx lines 
tested 
Mean ratings 
of Si lines 
(1-6) 
Range in rating 
of Sj lines* 
(1-6) 
No. of 
S^ lines 
selected 
1 215 2.0 1.1-4.5 22 
2 130 2.1 1.1-3.9 14 
3 200 2.4 0.9-4.5 20 
Mean strength 
of Si lines 
(kg) 
Range in strength 
of Si lines* 
(kg) 
1 215 46.3 23.8-73.3 22 
2 119 51.4 30.6-84.2 12 
3 200 35.0 20.1-67.8 20 
Original data for S. lines were not available. Values shown are class means for frequency 
distributions recorded in Iowa Agricultural Experiment Station Annual Reports for years in which 
evaluations of lines were made. 
Table 5. Continued 
Mean ratings 
of selected 
Si lines 
(1-6) 
Range in ratings 
of selected 
Si lines 
(1-6) BSICO 
Mean of populations (1-6) 
BSISRCI BS1SRC2 
1 . 1  
1.3 
1 . 6  
1.0-1.2 
1.1-1.5 
1.1-1.7 
2.0 
2.7 
3.4 
1.8 
3.0 2 .1  
Mean strength Range in strength ' Mean of populations (kg) 
of selected of selected 
S, lines S. lines 
(kg) (kg) BSICO BSIMSCI BS1MSC2 
62.5 56.3-71.7 48.6 
70.9 63.0-84.5 44.3 54.0 
48.5 35.2-70.2 25.2 33.8 38.6 
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Field Procedures 
Experiment 23 
This experiment contained 22 entries, which included the original 
population, all improved cycle-populations, population crosses, popula­
tion testcross, and three single-cross checks (Table 6). The original 
population (BSICO) and its testcrosses were entered twice in this and 
all other experiments unless otherwise specified. All entries were 
planted at the Agronomy Agricultural-Engineering Farm near Ames, Iowa, 
and the Iowa State University Research Farm near Ankeny, Iowa, in 1980 
and 1981. 
The experimental design was a randomized complete block, with five 
replications. Experimental units were single-row plots with 16 hills 
per row. Plots were spaced 76 cm and were 5.3 m long with a 33-cm hill 
spacing. Two kernels were planted per hill and all hills were thinned 
to single plants at the 4-6 leaf stage, which resulted in a final plant 
density of approximately 40,000 plants/ha. The Ankeny location was 
machine-planted in 1981 and thinned to 16 plants/row. 
Potassium (KgO) and phosphorus (^2^5) were fall-applied on the test 
plots of both locations at rates of 67 and 100 kg/ha, respectively. 
Nitrogen (urea) was spring-applied at 137 kg/ha of actual nitrogen (N) 
at the Ames location. Anhydrous ammonia was fall-applied at the Ankeny 
location at a rate of 170 kg/ha. Cultural practices Included hand weed­
ing in addition to conventional methods of maize culture. 
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Table 6. Genetic materials included in Experiments 23 and 25 
Entry No. . Pedigree 
1 BSICO 
2 BSICO 
3 BSIMSCI 
4 BS1MSC2 
5 BS1MSC3 
6 BSISRCI 
7 BS1SRC2 
8 BS1SRC3 
9 BSlHSClxBSlSRCl 
10 BSlMSC2xBSlSRC2 
11 BS1MSC3XBS1SRC3 
12 BSlC0x(Os420xl87-2) 
13 BSlC0x(Os420xl87-2) 
14 BSIMSCIx(Os420x187-2) 
15 BSlMSC2x(Os420xl87-2) 
16 BS1MSC3X(Os420x187-2) 
17 BSlSRClx(0s420x187-2) 
18 BSlSRC2x(Os420x187-2) 
19 BSlSRC3x(Os420xl87-2) 
20 Os420xl87-2 (susceptible) 
21 B14AxOh41 (intermediate) 
22 B14AxC103 (resistant) 
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This experiment was for evaluation of field stalk quality, yield, 
yield components, and maturity traits. Data were taken immediately before 
harvest for the following traits: 
(1) Stalk lodging—the percentage of total plants per plot that 
were broken below the primary ear node; 
(2) Field stalk rot—determined by a collapse of the second elongated 
intemode when pressure was applied with the thumb and fore­
finger, and recorded as a percentage of total plants per plot; 
(3) Root lodging—the percentage of total plants/plot that were 
lodged more than 30° from vertical. 
Ears from 10 competitive plants per plot were hand-harvested at 
maturity for collection of yield data. All ears were forced-air dried 
to a constant moisture, and ear and yield data were taken as follows: 
(1) Ears per plant—the total number of ears harvested divided 
by the number of plants harvested, with barren plants included 
in this determination; 
(2) Ear length—the total length of primary ears divided by the 
number of primary ears harvested, and recorded to the nearest 
0.5 cm; 
(3) Ear diameter—the total diameter of primary ears divided by 
the number of primary ears harvested and recorded to the 
nearest 0.5 cm; 
(4) Kernel rows—the total number of kernel rows for harvested 
primary ears divided by the number of primary ears harvested; 
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(5) Kernel depth—the difference between ear diameter and cob 
diameter divided by two; 
(6) Kernel weight—the weight of a SOOr-kemel sample, and recorded 
to the nearest 0.1 g; 
(7) Shelling percent—the shelled grain weight per plot divided by 
the ear weight per plot times 100; 
(8) Grain yield—the shelled grain weight per plot converted to 
q/ha. 
In plots that had fewer than 10 competitive plants for ha^est, arithmetic 
corrections were made on the basis of 10 plants/plot before converting 
to q/ha. Secondary ears and barren plants were Included In the determina­
tion of yield. 
Silking and anthesls data were collected at the Ames location in 
1980 and 1981 as follows: 
(1) Silking—the number of days from July 1 to the date when 50 
percent of the plants in a plot were showing exsertlon of silks; 
(2) Anthesls—the number of days starting at July 1 to the date 
when 50 percent of the plants in a plot were showing extrusion 
of anthers; 
(3) Anthesis-silking-Interval—the difference between anthesls 
and silking. 
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Experiment 25 
This experiment was used to evaluate stalk quality and plant traits. 
The same entries as In Experiment 23 were grown at the Ames location 
In 1980 and 1981. Thus, the cultural practices also were the same as 
for Experiment 23. 
The experimental design was a randomized conqplete block with five 
replications. Single-row plots, consisting of 21 hills, were hand-planted 
with two seeds/hill and later thinned to one plant/hlll. Row and hill 
spaclngs were 76 and 25.4 cm, respectively, resulting in a final plant 
density of 51,668 plants/ha. Final plant counts were taken and one half 
of the plants per plot (excluding end plants) were used for stalk-rot 
evaluation, while the other half was used for stalk-strength measurements. 
Data for other traits were taken on any 10 competitive plants within the 
row. 
One week after at least 50 percent of the plants had silked in all 
plots, six to eight competitive plants/plot were inoculated with a spore 
suspension of D^. maydis. The inoculation procedure involved injecting the 
plants in the center of the second elongated intemode with a free-flow 
syringe filled with a suspension of D. maydis inoculum. The syringe was 
designed to produce a wound and then supply sufficient inoculum for 
infection. 
The Inoculum was prepared by growing a culture of D. maydis in flasks 
of autoclaved oats at room temperature. Flasks were shaken each day to 
prevent clumping. After 10 to 14 days, pycnldla were formed. 
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Pycnidiospores were released by placing the Infected oats In a blender 
with distilled water and blending for one minute. The spores and nycella 
were removed by filtering the solution through cheese cloth. The solu­
tion was diluted and used for inoculation. 
The time of rating for stalk rot was determined by periodically 
examining the susceptible check (0s420xI87-2) for rot development. When 
this genotype showed severe rot development, all inoculated plants were 
split longitudinally through the first, second, and third elongated 
intemodes and rated for disease spread. These data were taken approxi­
mately six and nine weeks after inoculation in 1980 and 1981, respectively. 
Stalk rot reactions were visually grouped into the following classes: 
0.5 - no spread of infection from the point of inoculation; 
1 - 1 to 25 percent of the Inoculated Intemode infected; 
2 - 26 to 50 percent of the inoculated intemode infected; 
3 - 51 to 75 percent of the Inoculated Intemode infected; 
4 - 76 to 100 percent of the Inoculated intemode infected; 
5 - the infection extending into the first and/or third intemodes; 
6 - prematurely dead plant. 
Three to four weeks after pollination, six to eight plants per 
plot were evaluated for stalk strength, using a machine and method first 
designed by Durrell (1925), but later modified by Jenkins (1930) and 
Jenkins and Gaessler (1932, 1934). The procedure Involved cutting a 
stalk section and placing it in the machine, which is designed to apply 
a constant lateral force until the stalk section breaks. All stalks 
were tested at the second elongated intemode, with force applied on 
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the minor diameter. Data were taken In pounds, but later converted 
to kilograms. 
Rind-strength measurements were taken Immediately preceding stalk-
strength measurements. Ten competitive plants per plot were punched 
in the second Intemode below the primary ear node with a rind pene­
trometer, equipped with a Dillon force gauge. Data were recorded in 
pounds, but later converted to kilograms. 
The following plant traits were measured on ten competitive plants 
per plot; 
(1) Major stalk diameter—the diameter of the wide side of the 
stalk at the second elongated intemode, recorded to the 
nearest mm; 
(2) Minor stalk diameter—the diameter of the narrow side of the 
stalk at the second elongated Intemode, recorded to the 
nearest mm; 
(3) Plant height—the distance from the ground to the flag leaf 
recorded to the nearest cm; 
(4) Ear height—the distance from the ground to the node of primary 
ear attachment, recorded to the nearest cm; 
(5) Number of internodes—the number of intemodes from the first 
elongated intemode to the intemode terminating at the flag 
leaf node ; 
(6) Length of intemode—plant height divided by the number of 
Intemodes. 
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After all data were collected, a second measure of stalk strength 
was calculated and is termed "stalk strength per unit area." It was 
calculated using the following formula: 
stalk strength (kg) ^ 
r(minor diameter)(major diameter)1 
^ L (2) T25 J 
Experiments 24 and 27 
Experiment 24 was for evaluation of resistance to first generation 
European com borer. The original population, all improved cycle popula­
tions, and a resistant and a susceptible single-cross check were grown at 
the Atomic Energy Research farm near Ames, Iowa in 1980 and 1981 (Table 7). 
The experimental design was a randomized complete block with five 
replications. Single row plots of 13 single-plant hills were hand-planted 
on May 2 and May 8 in 1980 and 1981, respectively. Row and hill spaclngs 
were 75 cm and 25.4 cm, respectively, which resulted in a final density 
of approximately 51,668 plants/ha. Potassium (KgO) and phosphorus (P^O^) 
were fall-applied at a rate of 60 kg/ha, while nitrogen (urea) was 
spring-applied at 120 kg/ha actual N. 
Beginning in the third week of June, 10 plants/plot were Infested in 
the leaf whorls with two egg masses per plant at two-day Intervals until 
eight masses were applied. The eggs were supplied by Dr. W.D. Guthrie from 
the United States Department of Agriculture Com Insects Research Labora­
tory, Ankeny, Iowa. European com borer leaf feeding was evaluated on 
a per-plant basis July 11, 1980 and July 7, 1981. However, both sets of 
data are expressed as plot means. A visual rating scale of 1 to 9 was 
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Table 7. Genetic materials included In Experiments 24 and 27 
Entry No. Pedigree 
1 BSICO 
2 BSICO 
3 BSIMSCI 
4 BS1MSC2 
5 BS1MSC3 
6 BSISRCI 
7 BS1SRC2 
8 BS1SRC3 
9 Os420xl87-2 (susceptible) 
10 B75x013 lA (resistant) 
used, with 1 being highly resistant and 9 being highly susceptible (Penny 
and Dicke, 1956). 
Experiment 27 was for evaluation of resistance to northern leaf 
blight. It also was planted at the Atomic Energy Research farm, Ames, 
Iowa in 1980 and 1981 and contained the same entries with the same 
experimental design and cultural practices as Experiment 24 (Table 7). 
Plants In each plot were sprayed twice (one week apart) with a 
spore suspension of H. turclcum, containing approximately 700 to 800 
conldlospores/ml. Inoculation was begun on July 16 and July 27 in 1980 
and 1981, respectively. The spore suspension was prepared by taking 
dried leaf tissue of plants Infected with H^. turclcum from the previous 
growing season, placing It on moist paper towels, and incubating in 
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plastic crispexs until sporulation occurred (approximately 48 hrs). The 
conidia and nycelia were washed from the leaves, filtered through cheese 
cloth, and then diluted to an appropriate volume. This solution was used 
to spray plants of a susceptible inbred that had been planted in the 
greenhouse. After Inoculation, these plants were placed in a humidity 
chamber (100%) for 24 hrs to insure infection. They then were removed 
and leaf blight was allowed to develop to a severe stage after which the 
most diseased leaves were removed and carried through the same process 
as the dried leaf tissue. This suspension was then used to inoculate the 
field plots. Inoculations were made in late afternoon to prevent desic­
cation of the spores. 
Approximately five weeks after the final inoculation, plots were 
visually rated for blight development using a scale of 1 to 9 (Figure 1). 
A version of this scale was first developed by Ullstrup et al. (1945). 
Experiment 28 
Experiment 28 was planted at the Ankeny location in 1980 and 1981 
by Dr. W.D. Guthrie to obtain data for resistance to second-generation 
European com borer. The experiment Included the base population, all 
improved populations, and two check varieties (Table 8). The experi­
mental design was a randomized complete block with five replications. 
Experimental units were single-row plots with six hills, and rows and 
hills were spaced at 102 cm. Hills were hand-planted with six kernels 
each and thinned to three plants at the four to six leaf stage. Cultural 
practices were the same as for other experiments grown at this location. 
Figure 1. Visual rating scale (1 to 9) used for evaluation of H. turcicum leaf blight resistance 
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Table 8. Genetic materials included in Experiment 28 
Entiry No. Pedigree 
1 BSICO 
2 BSICO 
3 BSIMSCI 
4 BS1MSC2 
5 BS1MSC3 
6 BSISRCI 
7 BS1SRC2 
8 BS1SRC3 
9 Os420xl87-2 (susceptible) 
10 BS9C3 (resistant) 
Plant counts were taken on all plots, and infestation with European 
com borer was begun when 50 percent of the plants in a plot were shed­
ding pollen. All plots had shed pollen by July 16 and August 14 in 
1980 and 1981, respectively. Ten plants per plot were infested with 
two egg masses per day in two-day intervals for eight consecutive 
applications. Egg masses were pinned in the midrib on the underside 
of the leaf. 
Two types of data were taken for second generation com borer 
damage. The first data were visual ratings of 1 to 9 (1—no damage, 
9—severe damage) based on the amount of leaf sheath and collar damage. 
All plots were visually rated twice in 1980 at 50 and 60 days after 
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the last plots were dated for 50 percent an thesis. Means of the two 
dates were recorded for analysis. Plots were rated only once in 1981. 
Approximately 60 days after anthesis, data also were taken on the extent 
of tunneling (cavities) in the stalk by the second generation larvae 
(Guthrie et al., 1971). Stalks of 10 plants per plot were split in 
longitudinal sections, and the amount of tunneling estimated in inches 
but later converted to cm. 
Experiment 26 
Experiment 26 contained 300 random lines, 100 from BSICO and 100 
from each of the cycle-three populations (BS1MSC3 and BSlSRCS). Entry 
designation was 1 to 300, with 1 to 100, 101 to 200, and 201 to 300 cor­
responding to lines from BSlCO, BS1MSC3, and BS1SRC3, respectively. 
The experiment was grown at Ames in 1980 and 1981. The experimental 
design was a randomized incomplete block, with three replications of 20 
lines from each of the populations nested within five sets. The planting 
design, row and plant spacings, and cultural practices were the same as 
for Experiment 25. 
Data were collected for stalk-rot rating, stalk strength, rind 
strength, silking, anthesis, and anthesis-to-silking interval. These 
data were collected in the same manner as previously described for 
Experiments 23 and 25. 
Experiment 30 
This experiment was used to determine if correlated responses of 
yield and plant traits with stalk-quality selection were caused by 
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changes in gene frequency or by inbreeding depression. The original 
population, the original population selfed, the two cycle-three popula­
tions, their backcrosses to the original, the cycle-three by cycle-three 
population cross, and the cycle-three populations selfed were grown 
at the Ames and Ankeny locations in 1981 (Table 9). The base population 
and its selfed population were included in each replication twice for 
ease of the statistical analysis. The three selfed populations were 
obtained by bulking ten kernels from each of 136, 125, and 153 lines 
from BSICO, BS1MSC3, and BS1SRC3, respectively. 
Planting date and technique, plant density, and cultural practices 
were the same as for Experiment 23 in 1981. However, the experimental 
design was a split-plot with selfed and random-mated populations being 
nested in separate bordered subplots within replications. The data, 
however, were analyzed as a randomized complete block design, with five 
replications of entries. The assumption was that elimination of compe­
tition between inbred and noninbred populations would be greater than 
the variation between subplots within replications. 
Data were taken on 10 competitive plants per plot for yield and 
plant traits in the same manner as Experiments 23 and 25. 
Statistical Procedures 
Experiments 23 and 25 
Because Experiments 23 and 25 had the same experimental design, 
entries, and environmental conditions at Ames, and because it was 
desired to calculate trait-to-trait phenotypic correlations, these two 
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Table 9. Genetic materials included in Experiment 30 
Entry No. Pedigree :. 
1 BSICO 
2 BSICO 
3 BS1MSC3 
4 BS1SRC3 
5 BSICO (selfed) 
6 BSICO (selfed) 
7 BS1MSC3 (selfed) 
8 BS1SRC3 (selfed) 
9 BSlMSC3xBSlC0 
10 BSlSRC3xBSlC0 
11 BSlMSC3xBSlSRC3 
sets of data were combined into one data set. The analysis of variance, 
including individual year and location effects were performed on traits 
from Experiment 23. Generally, the magnitude of the first order inter­
actions of entries x years and entries x locations and the second order 
Interaction of entries x locations x years showed no significant trends 
among traits. Thus for brevity, final analysis and data presentation 
from Experiment 23 are for individual environments and effects combined 
over environments, rather than over years and locations. Traits that 
were observed in Experiment 25 were measured at only one location for 
two years. Thus, in the combined analysis of variance, years will 
replace environments for these traits. 
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An analysis of variance was performed for each trait at individual 
environments using a model appropriate for a randomized complete block 
design (Steel and Torrle, 1960). The linear model for one environment 
is as follows: 
+ Rj + ; 
1 = 1, 2, ..., 22 entries; 
j = 1, 2, 5 replications; 
where: 
= observed value of the ith entry in the jth replicaton; 
y = overall mean effect; 
= effect of the ith entry; 
Rj = effect of the Jth replication; 
e^j = error associated with the ijth observation. 
The form of the individual environment analysis of variance is 
given in Table 10. Total sums of squares were partitioned into effects 
due to replication, entries, and error. The entries sums of squares 
were further partitioned into sums of squares for populations, checks, 
and populations vs checks. Using the least squares procedure of Eberhart 
(1964), the sums of squares for populations were further partitioned 
into sums of squares for linear and quadratic regression for response 
of population per se, testcross response, population cross response, 
intercept (the difference between the Intercepts for populations and 
testcrosses), and residual. Sums of squares for linear and quadratic 
Table 10. Form of the individual analysis of variance for Experiments 23 and 25 
Source d.f. MS E(MS) 
Replications (R) 
Entries (T) 
Populations (T^) 
(r-1) 
(t-1) 
(tj-1) 
M, 21 
M 20 
+ rK^ 
+ rK^ 
Pop. lin 
Ave lin 
Bet b*s 
Pop. quad 
Ave quad 
Bet b's 
Testcross lin 
Ave lin 
Bet b's 
Testcross quad 
Ave quad 
Bet b's 
Pop. cross lin 
M 
M 
M 
M 
M 
M 
M. 
19 
18 
17 
12 
11 
10 
16 
M 
M 
^7 
M 
15 
14 
13 
+ rK^ 
+ rK^ 
2 2 
+ '4c 
2 2 
^All entries were considered to be fixed. 
Table 10. Continued 
Source d.f. MS E(MS)^ 
2 2 
Pop. cross quad I Mg a + rKp^ 
q Intercept 1 
Residual 7 
Checks (Tg) (tg-l) + rK^^ 
2 2 
Pop. vs checks 1 a + rK^ 
Error (r-1)(t-1) a 
1 — 2  
2 
Total rt-1 
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regression were subdivided into an average response to both methods of 
selection and a contrast in response from the two methods (Bet b's). 
The following least squares models were used to partition the sums 
of squares: 
ïy - BO + PjjXy + PyXjj + TyXy t t 0+ C^X^^ + 
HOXy +ey, 
ïy = BO + PjXy + * TjXy t T^X^^ t C^X^ + + 
HOXij + 
1 = 0, 1, 2, 3 cycles of selection/method; 
j = 1, 2 methods of selection; 
where: 
= observed value of the ijth entry; 
BO = mean of the base population (i.e., intercept); 
= linear regression coefficient for the populations from the 
jth method; 
P^j = quadratic regression coefficient for the populations from 
the jth method; 
Tjj = linear regression coefficient for the testcrosses from the 
jth method; 
T^j = quadratic regression coefficient for the testcrosses from 
the jth method; 
= linear regression coefficient for the population crosses; 
Cg = quadratic regression coefficient for the population crosses; 
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Pj^ = average linear regression coefficient for the populations; 
Pg = average quadratic regression coefficient for the populations; 
= average linear regression coefficient for the testcrosses; 
Tg = average quadratic regression coefficient for the testcrosses; 
HO = difference between the intercepts for populations and popula­
tion testcrosses; 
= coefficients of the design matrices. 
The coefficients for the design matrices are given in Tables 11 
and 12. The regression coefficients were calculated using the following 
formula; 
3 = (X'X)"^(X'Y) 
where; 
3 = estimate of the regression coefficients; 
X = the design matrix; 
Y = column vector of cycle-population means. 
Sums of squares for the contrast in response to the two methods were 
calculated as the differences between the total sums of squares for 
regression and the average response. 
Based on the expectation of mean squares, all F-tests were performed 
2 
with the error mean square (a ) as the denominator (Table 10). The 
standard errors of the regression coefficients were calculated as 
described by Draper and Smith (1966): 
Table il. X Matrix for calculation of sum of squares and regression coefficients for response to 
selection of two stalk quality criteria evaluated in Experiments 23 and 25 
Coefficients 
Entries «0 ^11 ^2 ^21 ^22 ^11 ^12 ^21 ^22 S ^2 «0 
CO 1 0 0 0 0 0 0 0 0 0 0 0 
CO 1 0 0 0 0 0 0 0 0 0 0 0 
MSCl 1 1 0 1 0 0 0 0 0 0 0 0 
MSC2 1 2 0 4 0 0 0 0 0 0 0 0 
MSC3 1 3 0 9 0 0 0 0 0 0 0 0 
SRCl 1 0 1 0 1 0 0 0 0 0 0 0 
SRC 2 1 0 2 0 4 0 0 0 0 0 0 0 
SRC3 1 0 3 0 9 0 0 0 0 0 0 0 
MSClxSRCl 1 0 0 0 0 0 0 0 0 1 1 0 
MSC2xSRC2 1 0 0 0 0 0 0 0 0 2 4 0 
MSC3xSRC3 1 0 0 0 0 0 0 0 0 3 9 0 
COx(Os420xl87-2) 1 0 0 0 0 0 0 0 0 0 0 1 
COx(Os420xl87-2) 1 0 0 0 0 0 0 0 0 0 0 1 
MSClx(Os420xl87-2) I 0 0 0 0 1 0 1 0 0 0 1 
MSC2x(Os420xl87-2) 1 0 0 0 0 2 0 4 0 0 0 1 
MSC3x(Os420x187-2) 1 0 0 0 0 3 0 9 0 0 0 1 
SRClx(0s420x187-2) 1 0 0 0 0 0 1 0 1 0 0 1 
SRC2x(Os420xl87-2) 1 0 0 0 0 0 2 0 4 0 0 1 
SRC3x(0s420x187-2) 1 0 0 0 0 0 3 0 9 0 0 1 
Table 12. X Matrix for calculation of sum of squares and regression coefficients for the average 
response to two methods of stalk-quality selection (Experiments 23 and 25) 
Coefficients 
Entries = 0 ^2 ^1 ^2 ^1 S «0 
CO 1 0 0 0 0 0 0 0 
CO 1 0 0 0 0 0 0 0 
MSCl 1 1 1 0 0 0 0 0 
MSG 2 1 2 4 0 0 0 0 0 
MSC3 1 3 9 0 0 0 0 0 
SRCl 1 1 1 0 0 0 0 0 
SRC2 1 2 4 0 0 0 0 0 
SRC3 1 3 9 0 0 0 0 0 
MSClxSRCl 1 0 0 0 0 1 1 0 
MSC2xSRC2 1 0 0 0 0 2 4 0 
MSC3xSRC3 1 0 0 0 0 3 9 0 
C0x(0s420x187-2) 1 0 0 0 0 0 0 1 
COx(Os420xl87-2) 1 0 0 0 0 0 0 1 
MSClx(Os420xl87-2) 1 0 0 1 1 0 0 1 
MSG2x(Os420x187-2) 1 0 0 2 4 0 0 1 
MSC3x(Os420xl87-2) 1 0 0 3 9 0 0 1 
SRClx(Os420xl87-2) 1 0 0 1 1 0 0 1 
SRC2x(Os420xl87-2) 1 0 0 2 4 0 0 1 
SRC3x(0s420x187-2) 1 0 . 0 3 9 0 0 1 
Table 13. Form of the combined analysis of variance for Experiments 23 and 25 
Source® d.f. MS EOlS)^ 
Environments (E) 
Replications (R)/E 
Entries (T) 
(e-1) 
(r-l)e 
<t-l) M 25 TE a + ra„„ + reKg, 
2 
Populations (T^) (tj-1) M 24 a +ra^^g + reK^^ 
Pop. lin 
Ave lin 
Bet b's 
Pop. quad 
Ave quad 
Bet b's 
Testcross lin 
Ave lin 
Bet b's 
Testcross quad 
Ave quad 
Bet b's 
23 
22 
21 
16 
15 
14 
M, 
M 
M 
M 
M 
M 
20 
19 
18 
13 
12 
11 
2 2 2 
+ raj E + reK^ 
q q 
.2 . 2 . Jl 
TC.E CJ + ra„„ „ + reK^g 
+ '4 E + '4c 
q q 
^Environments for Experiment 23 is exchanged for years in Experiment 25. 
^All entries were considered fixed In these experiments. 
Table 13. Cdntinued 
Source d.f. 
Pop. cross lin 
Pop. cross quad 
Intercept 
Residual 
Checks (Ig) 
Pop. vs checks 
Entries % E 
Populations x E 
Checks X E 
Populations vs checks x E 
1 
1 
7 
(tg-l) 
(t-1)(e-1) 
(tj^-1) (e-1) 
(tg-l)(e-1) 
Error (r-1)(t-l)e 
MS E(MS) 
M, 17 
H 
«8 
M, 
M, 
M, 
M, 
M, 
10 q ( 
2 2 2 
a + +reK^^ 
^ ^^Tj^2[sT2)E '®^(T^V£V 
•^ + ro? 
TjE 
(p- + ro^ 
TjE 
+ rO^. 
(TiVsT2)E 
*2 
Total rte-1 
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s.e.(b^) -y 
where; 
= linear or quadratic regression coefficient; 
= the diagonal elements of the (X'X) ^ matrix corresponding 
to the 1th variable; 
2 
a = error mean square from the analysis of variance; 
r = the number of replications or observations per entry. 
The null hypothesis (HO: b^ = BO = 0) was tested as follows: 
b, 
t A \ , and the calculated t conqpared with tabular t at 
s.e.Qb^) 
n-1 degrees of freedom. 
The form and expectation of mean squares for the combined analysis 
are given in Table 13. The linear model for the combined analysis of 
variance Is as follows: 
\ + »/«jk + + hik-
1 = 1, 2, ...» 22 entries; 
j = 1, 2, ..., 5 replications; 
k = 1, 2, 3, 4 and 1, 2 environments for traits from Experiments 
23 and 25, respectively; 
where: 
Y .. = observed value of the 1th entry from the jth replication ijK 
within the kth environment; 
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y = overall mean effect; 
= effect of the ith entry; 
= effect of the kth environment; 
( R / E ) =  e f f e c t  o f  t h e  j t h  r e p l i c a t i o n  w i t h i n  t h e  k t h  e n v i r o n m e n t ;  
(ET)ij^ = effect of the interaction of the ith entry with the kth 
environment; 
= error associated with the ijkth observation. 
The basic analysis for the combined data is the same as that for the 
individual analysis of variance, with the exception that environments were 
added to the model and the design matrix. Because environments and years 
are considered random variables, the appropriate F-test for the linear 
and quadratic regression effects would be to use their respective first-
order Interactions if they were significantly different from the error. 
However» the first-order interactions had very few degrees of freedom 
and were generally nonsignificant; thus, it was decided that a test 
using the error mean square or the entries-by-environments interaction 
(if significant) would be more appropriate. 
A covariance analysis was performed for each pair of traits observed 
in Experiments 23 and 25 at the Ames location for two years. The indi­
vidual and combined analyses of covariance have the same format as their 
respective analyses of variance (Tables 10 and 13). Simple trait-to-
trait linear correlations were calculated using individual year entry 
means, and the entry means combined over both years. The following 
formula was used for calculating all correlations: 
Table 14. Form of  the individual analysis of variance for Experiments 24, 27,  and 28 
Source d.f. MS E(MS)® 
Replications (R) (r-1) 
Entries (T) (t-1) 
Populations (P) (p-1) + rK^ 
Pop. lln 2 + rK^ 
Ave lin 1 Mg 
Bet b's 1 M-
2 2 
Pop. quad 2 a + rKp 
Ave quad 1 Mg 
Bet b's 1 Mg 
Residual 3 
Checks (C) (c-1) M, + rK^ 
Z 
q 
P vs C 1 «2 
Error (r-1)(t-1) M, 
Total rt-1 
3 C 
2 
1 
^All entries were considered to have fixed effects. 
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'"/S7 
where: 
Sxy = mean cross products for traits x and y; 
2 
Ex = mean square for trait x; 
2 Sy = mean square for trait y. 
The null hypothesis of r = 0 was tested by comparing calculated t, 
t  =  — — w i t h  t a b u l a r  t  a t  n - 2  d e g r e e s  o f  f r e e d o m .  
/ (l-r^)/(n-2) 
Experiments 24. 27,  and 28 
Analyses of variance for Experiments 24, 27,  and 28 were performed 
on single-year data and data combined over years using the same linear 
models that were used for Experiments 23 and 25. The form of the indi­
vidual analysis and expectation of mean squares is given in Table 14. 
Total entry sums of squares were partitioned into components due to 
populations, checks, and the orthogonal contrast of populations vs checks. 
The population sums of squares were further partitioned into linear and 
quadratic regression components using the least squares procedure previ­
ously described for Experiments 23 and 25. Experiments 24, 27, and 28 
included only populations per se; thus, the X matrix contained only 
coefficients for these cycle-populations (Tables 15 and 16). All com­
ponents of the analysis of variance were tested against the error mean 
square Regression coefficients were tested in the same manner as 
those for Experiments 23 and 25. 
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Table 15. X Matrix for calculating the sum of squares and correlated 
response in insect and disease resistance from, two methods 
of stalk-quality ^election (Experiments 24, 27, and 28) 
Coefficients 
Entries =0 =11 = 12 =21 =22 
CO 1 0 0 0 0 
CO 1 0 0 0 0 
MSCl 1 1 0 1 0 
MSC2 1 2 0 4 0 
MSC3 1 3 0 9 0 
SRCl 1 0 1 0 1 
SRC2 1 0 2 0 4 
SBC3 1 0 3 0 9 
Table 16. X Matrix for calculating the sum of squares and average cor­
related response in insect and disease resistance from two 
methods of stalk-quality selection (Experiments 24, 27, and 28) 
Entries 
Coefficients 
=0 =1 =2 
CO 1 0 0 
CO 1 0 0 
MSCl 1 1 1 
MSC2 1 2 4 
MSC3 1 3 9 
SRCl 1 1 1 
SRC 2 1 2 4 
SRC3 1 3 9 
Table 17. Form of the combined analysis of variance for Experiments 24, 27, and 28 
Source d.f. 
Year (Y) 
Replication (R)/Y 
Entries (T) 
Populations (P) 
Pop. lin 
Ave lin 
Bet b's 
Pop. quad 
Ave quad 
Bet b's 
Residual 
Checks (C) 
P vs C 
(y-1) 
(r-l)y 
(t-1) 
(p-1) 
2 
1 
1 
2 
1 
1 
3 
(c-1) 
1 
T X Y (t-1)(y-1) 
MS E(MS)* 
M 16 
M 15 
M 14 
M 13 
M 
M 
M. 
«8 
M. 
M, 
M, 
12 
11 
10 
^ + ryK^ 
ryK; 
Z 
a" + + ryK^^ 
^ Y q ( 
2 
CY 
^ ^°(PvsC)Y ^^PvsC 
o^ + ro^ 
^All entries were considered to have fixed effects. 
Table 17. Continued 
Source d.f. MS E(MS)® 
P X Y (p-1)(y-1) 
^4 
G X Y (c-1)(y-1) 
(P vs C) X Y l'y 
^2 '^^(PvsOY 
Error (t-1)(r-l)y 
^1 
A2 
Total rty-1 
ON 
vo 
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The form of the combined analysis of variance is given in Table 17. 
The total sums of squares were partitioned in the same manner as the 
individual analysis, with the exception that a years-by-entries component 
was added. Population sums of squares also were partitioned using the 
least squares procedure. The F-tests in this combined analysis were 
performed as described for Experiments 23 and 25. 
Experiment 26 
The analysis of variance, pooled over sets, for the individual 
data vas performed using the following linear model: 
V - * + Si +  ^ + i^jk 
i = 1, 2 5 sets; 
j = 1, 2, 3 replications/set; 
• • • » 
Ic — 1, 2, ...3 60 and 1, 2 .. •, 20 entries/set for all lines 
and lines for each population, respectively; 
where; 
Y , =  o b s e r v e d  v a l u e  o f  t h e  k t h  e n t r y  w i t h i n  t h e  j t h  r e p l i c a t i o n  
ijK 
of the ith set; 
y = overall mean; 
= effect of the ith set; 
(R/S)^j = effect of the jth replication within the ith set; 
= effect of the kth entry within the ith set; 
e ijk = error associated with the ijkth observation. 
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The form of the analysis of variance is given in Table 18. The total 
sums of squares for entries were partitioned into variation for lines 
from the CO, each of the two C3 populations, and the orthogonal compari­
sons of CO vs (MSG3 + SRC3) and MSC3 vs SRC3. All components of the 
analysis of variance were tested against the error mean square (M^). 
An analysis of covarlance was performed using the same format as 
that for the analysis of variance. Genetic variance and covarlance 
components were estimated by equating mean squares of pertinent sources 
of variation to their respective expectations of mean squares and mean 
cross products. The appropriate genotyplc variance and covarlance were 
calculated from Table 18 as follows: 
Og(total) and (total) = and ; 
0^(00) and <,^(C0) = and 
accuses) and (J^(MSC3) - and " MjAy) : 
O^CSRCS) and Cg^/SBCS) = and . 
The analyses of variance for data from Experiment 26 combined over 
years were performed using the following linear model: 
^Ijkn = w + + Sj + (YS)y + + 
®ijkn' 
1 = 1 , 2  y e a r s ;  
j = 1, 2, ..., 5 sets; 
k = 1,2, 3 replications/set; 
Table 18. Form of the Individual analysis of variance and covariance for Experiment 26 
Source d.f. MP MS E(MP)* E(MS)* 
Sets (S) (s-1) 
Replications (R)/S (r-l)s 
Entries (T)/S (t-l)s 
^7 "X/s 
BSICO (Tj)/S (tj-l)s 
^6 
2._ 2 
a ^iJT^/s 
BS1MSC3 (TgJ/S (t2-l)s Vsy ^5 2 2 
BS1SRC3 (T2)/S (t2-l)s V4y ^4 
2 2 
[Tj^VS(T2+T3)]/S l*s 
^3 
2 2 
^ •*"'^[TjVS(T2+T3)]/S 
(T^vsTj)/S I'S 
*2x^2y *2 
2. 2 
^ '*"'^^(T^vsTj)S 
Error (r-1)(t-l)s Vly *1 
a2 
Total rts-1 
^All components of the analysis of variance and covariance are considered to be random 
variables. 
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n = 1, 2, ...,60 and 1, 2 20 entries/set for all lines and 
lines from each population, respectively; 
where: 
^ijkn ~ observed value of the nth entry within the kth repli­
cation of the jth set in the ith year; 
p = overall mean effect; 
= effect of the ith year; 
Sj = effect of the jth set; 
(YS) = Interaction of the ith year with the jth set; 
(R/YS)^jj^ = effect of the kth replication within the ijth year-set 
combination; 
(T/S)^j = effect of the nth entry within the jth set; 
(YT/S)^j^ = effect of the inth year-by-entry interaction within 
the jth set; 
®ijkn ~ error associated with the ijknth observation. 
The total sums of squares for entries were partitioned into variation 
due to Sj^ lines from the CO and from the two C3 populations, and the two 
orthogonal comparisons of CO vs (MSC3 + SRC3) and MSC3 ^  SRC3. The first-
order interaction of years-by-entries was partitioned in the same manner as 
the main effect of entries. Table 19 gives the form of the analysis and 
expectations of mean squares for the combined analysis of variance. All 
first-order interactions were tested against the error mean square (M^ . 
If any first-order interaction was significant (P=0.05), it was used to 
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perfora the F-test on its respective main effect. However, if the inter­
action was not significant, the pooled error mean square was used to test 
the main effect. 
Genetic variance and covariance components were computed by equating 
mean squares of pertinent sources of variation to their respective expec­
tations of mean squares and mean cross products. The appropriate genetic 
variances and covariances were calculated from Table 19 as follows: 
o^Ctotal) and (total) - and 
0^(00) and ag^(CO) - and - ^ 6,» : 
oJoeCS) and Og^CMSC3) = and 
a^CSBCS) and a^y(SRC3) - and 
Standard errors (s.e.) of the variance components from the individual 
year and combined analyses of variance were obtained using the following 
formula (Anderson and Bancroft, 1952): 
2 2 ^4 
s.e . (0^) ^2 \ df^+2 
where: 
MS^ = kth mean square; 
df^ = degrees of freedom for the kth mean square; 
C = coefficient, preceding the variance estimate in the expectation 
of mean squares. 
Table 19. Form of the analysis of variance and covariance for Experiment 26 combined over years 
Source d.f. MP MS E(MP)® E(MS)* 
Years (Y) (y-1) 
Sets (S) (s-1) 
Y X S (y-1)(s-1) 
2 
Replications (R)/Sxy (r-l)sy O 
Entries (T)/S (t-l)s ^13x^13y ^13 ^xy'*'^YT/S^'*^°T/S^ ^ "^YT/S'^^YT/S 
BSICO (T^/S) (tj^-l)s ^12x^l2y ^12 ^xy'^YT /S ^ '^YT-Zs'^^^YT /S 
X X 3Cy X X 
BS1MSC3 (Tg/S) (t2-l)s "nx^lly ^11 ^ "'"^YTg/s'^^^YTg/S 
BS1SRC3 (Tg/S) (^3-1)8 ^lOx^lOy "lO ^xy''^YTg/S^^y^Tg/S^ ^ '^^'^YTg/s'^^^YT^/S 
[Tjvs(T2+T3)]/S I's ^9x^9y ^9 ^xy'*^^Y[T^vs(T^+T^)]/S^ ^ ''^YET^vsdo+Tj)]/S 
2 
'*'^^[T^VS (T2+T3) ] /S^ "^'^Y [T^^vsdg-HTg) ] /S 
^^2^^3)/S ^x% ^ ^xy'*^^Y(T^vsT^)/S^ ° ''"^ Y(T^ V3Tj)/s"'' 
2 
(TgVsTg) /S ^  "^^^Y (T2VST3) /S 
^All components of the analysis of variance are considered random variables. 
Table 19. Continued 
Source d.f. MP MS E(MP)^ E(MS)® 
ï = l/s (y-l)(t-l)s M; 
? * Tl/S (y-DCti-Os "6 
ï X Tj/S (y-1) (tg-l)S Mj °]IY''™ÏI^/S " 
.2 .  2 
Y X T3/S (y-l)(t2-l)s M^x\y ^xy'*^°^YTg/S^ ^ "^^YT^/S 
Y X [T]^vs(Tg-KT^) ] /S (y-l)'ls ^3x^3y ^3 ^xy'^YET^^vsCTg-KT^) ] ° '^'^Y[T^^vs(T^+T^) ] /S 
Y X (y-l)-U "2 "xy^Yd^Tp/S^ ''^«°Y(I^,)/S 
À j 
Error (r-1) (t-l)ys ^ix^iy ^1 ^xy 
Total rtys-1 
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Estimates of heritability on entry means were calculated for the 
individual and combined analyses using the following formulae, 
respectively: 
„2 
h2 G 
where: 
2 2 Og = genetic variance among Sj^ lines from a population 
2 Ogy = genotypes-by-years interaction variance; 
2 
a = experimental error; 
r = three replications/set; 
y = two years. 
Genotypic correlations were calculated for each pair of traits on 
individual year and combined data using the following formula: 
a. 
Gxy 
Gxy 
/ (0? XaL) Gx' Gy 
where: 
= genetic covariance between traits x and y; 
2 
= genetic variance among lines for trait x; 
2 Ogy = genetic variance among lines for trait y. 
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Simple phenotyplc correlations were calculated for each pair of 
traits using the following formula: 
M M 
X y 
/(M^)(My) 
where: 
= mean cross product for traits x and y; 
= mean square for trait x; 
My = mean square for trait y. ' 
These correlations were tested for significance using the following 
formula: 
r 
/ (l-r^)/(n-2) 
where: 
n = number of entries for each pair of traits. 
Calculated t was compared with tabular t-values at n-2 degrees of 
freedom. 
Genetic variance components from different populations were tested 
against each other as described by Steel and Torrle (1960): 
p _ larger variance 
~ smaller variance ' 
and calculated F-values were compared with tabular F using the degree 
of freedom corresponding to the mean squares from which these variances 
were derived. 
79 
An approximation of the standard error for heritability was obtained 
as described by Dickerson (1969): 
, s.e.(Op) 
s.e.(h:) = ^ 
where: 
2 
s.e.(o^) = standard error of the genetic variance component (as 
previously described); 
gZ Og 2 
(— + —g— + Og) = the phenotypic variance of trait i. 
Experiment 30 
The individual location analysis of variance for Experiment 30 was 
performed using the following linear model: 
Tij = w + ?! + + «ij: 
1 = 1 ,  2 ,  . . . ,  1 1  e n t r i e s ;  
j = 1, 2, .... 5 replications; 
where: 
= observed value of the ijth observation; 
y = overall mean; 
T^ = effect of the ith entry; 
Rj = effect of the jth replication; 
e^j = error associated with ijth observation. 
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The form of the analysis of variance is given in Table 20. The 
total sums of squares for entries were partitioned into components due 
to changes in gene frequency and/or inbreeding depression as described 
by Hammond and Gardner (1974). However, before describing the parti­
tioning of these effects it is necessary to describe mathematically the 
base population. 
The mean of any random-mating population can be expressed in terms 
of genotype frequencies and their genotypic value relative to that popu­
lation mean (Falconer, 1960). Assuming diploid inheritance with two 
alleles per locus, we can derive the mean from the following table: 
Genotype Frequency Value Frequency x Value 
2 2 
AA p a ap 
Aa 2p(l-p) d 2p(l-p)d 
f 1 —2 —a — n — aa ( -p)^ - -(l-p)^a 
2=(2p-l)a+2p(1-p)d 
where ; 
A = favorable allele; 
a = less favorable allele; 
p = frequency of the favorable allele; 
(1-p) = frequency of the less favorable allele; 
a = relative value of the homozygous AA genotype; 
-a = relative value of the homozygous aa genotype; 
d = relative value of the heterozygous Aa genotype. 
Thus, the gene frequencies are used to determine genotype frequencies, 
which in turn are multiplied by their respective values and are summed 
over all genotypes to give the population mean. The population mean 
Table 20. Form of the individual analysis of variance for Experiment 30 
Source d.f. MS E(MS) 
Replication (R) 
Entries (T) 
DO 
AL 
Ave AL 
Bet b*s 
DL 
Ave DL 
Bet b's 
DQ 
Ave DQ 
Bet b's 
HO 
Residual 
Error 
(r-1) 
(t-1) 
1 
2 
(r-1)t-1) 
M 14 
M 13 
M 
M 
M. 
^8 
"7 
^6 
^5 
^4 
«3 
"2 
M, 
12 
11 
10 
0^ + rK^ 
2 2 
^ +rKH0 
Total rt-1 
^All entries in the analysis of variance are considered fixed effects. 
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[(2p-l)a + 2p(l-p)d] is composed of two basic components: (2p-l)a attrib­
utable to homozygotes and 2p(l-p)d attributable to heterozygotes. 
Therefore, if we expressed the mean of the base population (BSICO) as: 
(2p-l)a + 2p(l-p)d = AO + 2D0, 
where : 
AO = homozygote contribution, 
DO = heterozygote contribution, 
we can also express all permutations of this population in terms of the 
changes in homozygous and heterozygous contributions as they are affected 
by changes in gene frequency and/or inbreeding (Hammond and Gardner, 
1974; Smith, 1979a). 
The populations derived from the base population were denoted by 
the following formulae: 
000= (2p-l)a + p(l-p)d 
= AO + DO 
MSC3 = (2p-l)a + 2Apa + 2p(l-p)d + 2Ap(l-p)d - 26p^d; 
= AO + 2AL^(I) + 2D0 + 2DL^(I) - 2DQJ(I^); 
MSG30 = (2p-l)a + 2Apa + p(l-p)d + Ap(l-2p)d - Ap^d; 
= AO + 2ALJ(I) + DO + DL^(I) - DQ^(I^); 
SRC3 = (2p-l)a + 2Ap'a + 2p(l-p)d + 2Ap'(l-2p)d - (2Ap')^d; 
= AO + 2AL2(J) + 2D0 + 2DI.2(J) - 2DQ2(J^); 
SRC3® = (2p-l)a + 2Ap'a + p(l-p)d + Ap(l-2p)d - (Ap')^d; 
= AO + 2AL2(J) + DO + DLGCJ) - DQGCJ^^; 
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COxMSCa = (2p-l)a + Apa + 2p(l-p)d +Ap(l-2p)d; 
= AO + ALJ(I) + 2D0 + DLJ(I); 
COxSRCS = (2p-l)a +Ap'a + 2p(l-p)d +Ap'(l-2p)d; 
= AO + Alg(J) + 2D0 + DL^CJ); 
MSCSxSRCS = (2p-l)a + Apa + Ap'a + 2p(l-p)d +Ap(l-p)d +Ap'(l-p)d -
Z^pAp'd; 
= AO + ALJ(I) + ALG(J) + 2D0 + DLJ(I) + DL^CJ) - 2H0(U). 
In these equations: 
I = cycles of stalk-strength selection; 
J = cycles of stalk-rot selection; 
ALj = the partial linear regression coefficient of homozygous contri­
butions regressed on stalk strength cycles of selection; 
ALg = the partial linear regression coefficient of homozygous contri­
butions regressed on stalk rot cycles of selection; 
DL^ = the partial linear regression coefficient of heterozygous 
contributions regressed on stalk strength cycles of selection; 
DLg = the partial linear regression coefficient of heterozyous con­
tributions regressed on stalk rot cycles of selection; 
DQ^ = the partial quadratic regression coefficient of heterozygous 
contributions regressed on stalk strength cycles of selection; 
DQg = the partial quadratic regression coefficient of heterozygous 
contributions regressed on stalk rot cycles of selection; 
HO = the regression of heterosis effects on the square of the dif­
ference between cycle-populations. 
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These parameters and their average effects over both methods of 
selection were estimated by least squares using the coefficients In 
Tables 21 and 22, respectively. The sums of squares for the difference 
between methods were estimated as the difference between the total of 
both methods and their average effects. All effects were tested against 
the error mean square (Mj^). 
The form of the analysis of variance and the expectations of mean 
squares for Experiment 30 combined over locations are given In Table 
23. The total sums of squares were partitioned into sums of squares 
for locations, replications/locations, entries, and error. The sums 
of squares for entries and the first order interaction of entries x 
locations were further partitioned into the various homozygous and 
heterozygous effects. All components of the analysis of variance were 
tested against the pooled error mean square. 
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Table 21. X Matrix for calculating the sums of squares and regression 
coefficients for correlated response to selection (Experiment 
30) 
Coefficients 
Entries AO DO ALj ALz DLj DL2 DQi DQ2 HO 
CO 1 2 0 0 0 0 0 0 0 
CO 1 2 0 0 0 0 0 0 0 
MSC3 1 2 6 0 6 0 18 0 0 
SRC3 1 2 0 6 0 6 0 18 0 
COS) 1 1 0 0 0 0 0 0 0 
CO® 1 1 0 0 0 0 0 0 0 
MSC3® 1 1 6 0 3 0 9 0 0 
SRC3® 1 1 0 6 0 3 0 9 0 
MSC3xC0 1 2 3 0 3 0 0 0 0 
SRC3xC0 1 2 0 3 0 3 0 0 0 
MSC3xSRC3 1 2 3 3 3 3 0 0 18 
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Table 22. X Matrix for calculating the sums of squares and regression 
coefficients for the average correlated response to two 
methods of stalk-quality selection (Experiment 30) 
Coefficients 
Entries AO DO AL DL DQ HO 
CO 2 0 0 0 0 
CO 1 2 0 0 0 0 
MSC3 1 2 6 6 18 0 
SRC 3 1 2 6 6 18 0 
COX 1 1 0 0 0 0 
CO® 1 1 0 0 0 0 
MSC3® 1 1 6 3 9 0 
SRC3g> 1 1 6 3 9 0 
MSC3xC0 1 2 3 3 0 0 
SRC3xC0 1 2 3 3 0 0 
MSC3xSRC3 1 2 3 3 0 18 
Table 23. Form of the analysis of variance for Experiment 30* combined over locations (Ames and 
Ankeny, 1981) 
Source d.f. MS E(MS)* 
Locations (E) 
Replications (R)/E 
Entries (T) 
DO 
AL 
Ave AL 
Bet b's 
DL 
Ave DL 
Bet b's 
DQ 
Ave DQ 
Bet b's 
HO 
Residual 
E X T 
E X DO 
(e-1) 
(r-l)e 
(t-1) 
1 
2 
(e-1)(t-1) 
(e-l)'l 
M 27 
M 26 
M, 25 
M 24 
M, 
M 
23 
22 
M 
M, 
M 
M 
M 
M. 
M 
M 
21 
20 
19 
18 
17 
16 
15 
14 
M. 
;2 
ET 
a + ra„„ + reK^ 
;2 
EDO a- + ra:.. + rëK^  ^
;2 
EHO a +ra_ + reKgQ 
13 
2 2 
^ +'^ET 
2 2 
^ +^^EDO 
Ail entries in the analysis of variance are considered fixed effects. 
Table 23. Continued 
Source d.f. MS E(MS)® 
E X 
E 
AL 
X Ave AL 
(e-l)-2 
(e-l)'l 
^12 
^11 
+ 
E 
E X 
X Bet b's 
DL 
(e-l)'l 
(e-l)*2 
^10 
"9 "H)L 
E X Ave DL (e-l)-l 
E 
E X 
X Bet b's 
DQ 
(e-l)'! 
(e-l)-2 
-7 
^6 
E X Ave DQ (e-l)-l 
^5 
E 
E X 
X Bet b's 
HO 
(e-l).l 
(e-l)'l 
^3 "Lo 
E X Residual (e-l)-2 
^2 
Error (r-l)(t-l)e Ml a2 
Total ert-1 
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RESULTS 
Evaluation of Artificial Measures of Stalk Quality 
The analyses of variance for data on artificial stalk quality traits 
(i.e., any potential measure of field standablllty other than actual field-
stalk lodging and stalk rot), combined over two years, are given in Table 
24. (In the partition of Entries, Populations includes all items except 
the checks. Population-linear and Population-quadratic refer to the popu­
lations per se; then, the following items are self explanatory.) Highly 
significant differences were observed among entries for all traits. Ifean 
squares for populations, checks* and populations vs checks also were 
highly significant for all traits, except that the means of populations 
and checks were not different for stalk-rot rating. Entries x years and 
populations x years were significant for stalk strength/area, and popula­
tions X years was significant for stalk strength. The interaction mean 
squares were of minor importance, however, in comparison with the main 
effects of entries and populations. 
The partition of the populations sums of squares showed that linear 
regression of populations per se and of population crosses explained most 
of the variation among cycle populations. The average quadratic effect 
was significant for only stalk rot. The difference between methods of 
selection, between b's linear, was significant for stalk rot, stalk 
strength, and stalk strength/area, but nonsignificant for rind strength. 
Although there were significant differences in response between methods 
of selection for three traits, the magnitude of the average linear mean 
Table 24. Analyses of variance for stalk quality traits of BSl populations and three single-cross 
checks evaluated for two years (Ames, 1980 and 1981) 
Source d.f. 
Mean squares 
Rind 
strength 
Stalk 
strength 
Stalk 
rot 
Stalk 
strength/ 
area 
Year (Y) 1 5.82 602.94 10.65 84.51 
Rep/Y 8 2.22 75.07 0.72 2.19 
Entries 21 4.22** 1064.15** 9.84** 20.79** 
Populations 18 1.73** 478.21** 6.54** 10.88** 
Population lin 2 6.01** 2100.80** 33.24** 50.48** 
Ave lin 1 11.93** 3354.96** 64.93** 89.95** 
Bet b's 1 0.09 846.64** 1.55* 11.01** 
Population quad 2 0.01 69.89 0.82* 1.19 
Ave quad 0.02 139.79 1.20* 2.40 
Bet b's 1 0.00 0.00 0.44 1.42 
Testcross lin 2 0.54 86.95* 0.06 0.13 
Ave lin 1 0.80 15.14 0.00 0.25 
Bet b's 1 0.28 158.76** 0.12 0.01 
Testcross quad 2 0.00 4.82 0.32 1.30 
Ave quad 1 0.00 3.13 0.56 2.46 
Bet b's 1 0.00 6.51 0.08 0.14 
Population-cross lin 1 16.05** 3885.60** 42.90** 83.65** 
Population-cross quad 1 0.10 54.60 0.26 0.20 
Intercept 1 1.42* 4.59 3.72** 0.34 
Residual 7 0.10 19.73 0.28 0.57 
Checks 2 24.26** 5773.62** 44.46** 114.10** 
Populations vs Checks 1 8.96** 2192.13** 0.00 12.55** 
Entries x Y 21 0.20 36.86 0.16 1.15* 
Populations x Y 18 0.13 40.29* 0.13 1.29* 
Checks X Y 2 0.90* 10.31 0.40 0.33 
* 
Mean square is significant at p=0.05, in this and all subsequent tables. 
Table 24. Continued 
Source d.f. 
Rind 
strength 
Mean squares 
Stalk 
strength 
Stalk 
rot 
Stalk 
strength/ 
area 
(Populations vs Checks) x Y ] 
Error 168 
Total 219 
C.V. (%) 
0.06 
0.23 
12.9 
28.40 
23.92 
11.9 
0.18 
0.26 
17.7 
0.27 
0.67 
11.9 
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squares relative to the mean squares for between b's linear Indicates 
similar responses for all traits. 
tkan squares for linear regression of population testcrosses were 
significant for only stalk strength. This indicates that the tester 
(Os420xl87-2), which has poor stalk quality, masked most of the differ­
ences in stalk quality among both BSISR and BSIMS populations. Significant 
intercept effects were observed for rind strength and stalk-rot ratings, 
indicating differences between the intercepts for populations and popu­
lation testcrosses. 
The regression coefficients in Table 25 generally show the same 
results as for the analyses of variance. The mean squares for linear 
regression of testcross means, however, were essentially zero for stalk-
rot rating, but the regression coefficients were significant (Tables 24 
and 25). This discrepancy between the analysis of variance and regres­
sion coefficients was observed because the coefficients In the X matrix 
(Table 11) used for calculating Type I sums of squares are nonorthogonal, 
and this nonorthogonality is influencing the sums of squares for test-
crosses. Conversely, the test of the regression coefficients is based 
on Type IV sums of squares, which are not affected by the nonorthogonallty 
of these coefficients. 
Stalk-strength selection increased the mean of the BSIMS populations 
7.6 kg/cycle, while the BSlSR populations showed only a 4.2 kg/cycle 
Increase in stalk strength. The population crosses had a linear regres­
sion coefficient of 6.2 kg for stalk strength, Indicating that this trait 
is controlled primarily by additive gene action. This is clearly 
Table 25. Means and linear and quadratic regression coefficients for stalk quality traits of BSl 
populations evaluated for two years (Ames, 1980 and 1981) 
Cycles of selection Regression coefficients 
Entry Trait 0 1 I 3 3 b q 
BSIMS Rind strength 3.4 3.7 3, .9 4, .2 3. ,40 0.26±(0. 05) 0.02±(0.07) 
BSISR (kg) 3.4 3.7 3. 9 4, .3 3. ,40 0.29±(0. 05) 0.03+(0.07) 
BSlMSx(0s420xl87-2) 3.1 3.2 3. 4 3. 6 3. 10 0.15±(0. ,06) 0.01±(0.07) 
BSlSRx(0s420xl87-2) 3.1 3.2 3. 3 3. 4 3. 10 0.09±(0. ,06) 0.00±(0.07) 
BSlMSxBSlSR 3.4 3.9 3. 9 4. ,5 3. 40 0.34±(0. 05) 0.05±(0.07) 
BSIMS Stalk strength 34.8 37.7 47. 9 56. ,5 32. 65 7.64±(0, 72) 1.13±(0.93) 
BSISR (kg) 34.8 36.0 39. 1 46. .7 32. 65 4.17±(0. 72) 1.34±(0.93) 
BSlMSx(Os420xl87-2) 32.8 33.4 38. 8 41. .3 32. 10 3.02±(0. 74) 0.44±(0.94) 
BSlSRx(Os420xl87-2) 32.8 32.2 36. 8 36. 0 32. 10 1.52±(0. 74) -0.05±(0.94) 
BSlMSxBSlSR 34.8 40.7 46. 4 49. 6 32. 65 6.17±(0. 72) -1.09±(0.93) 
BSIMS Stalk ; rot 3.5 3.0 2. 1 1. 8 3. 47 -0.58±(0. 06) 0.04±(0.08) 
BSISR (0.5 to 6) 3.5 2.5 1. 8 1. 7 3. 53 -1.20±(0. 22) 0.17±(0.08) 
BSlMSx(Os420xl87-2) 4.0 3.7 3. 1 3. 3 3. 96 -0.29±(0. 06) 0.11±(0.08) 
BSlSRx(0s420x187-2) 4.0 3.6 3. 2 3. 0 3. 96 -0.33±(0. 06) 0.06±(0.08) 
BSlMSxBSlSR 3.5 3.2 2. 3 1. 7 3. 47 -0.56+(0. 06) -0.08±(0.08) 
BSIMS Stalk strength/ 5.8 6.3 6. 7 8. 3 5. 77 0.72±(0. 13) 0.27±(0.17) 
BSISR area (kg/cm2) 5.8 7.0 7. 8 9. 2 5. 77 1.12±(0. 13) 0.05±(0.17) 
BSlMSx(Os420xl87-2) 5.9 5.6 6. 2 6. 8 5. 62 0.34±(0. 13) 0.21±(0.17) 
BSlSRx(0s420x187-2) 5.9 5.6 6. 4 6. 7 5. 62 0.35±(0. 13) 0.14±(0.17) 
BSlMSxBSlSR 5.8 6.9 7. 5 8. 4 5. 77 0.89±(0. 13) -0.07±(0.17) 
Table 25. Continued 
Trait 
Rind Stalk Stalk Stalk strength/ 
Check strength (kg) strength (kg) rot (0.5 to 6) area (kg/cm2) 
Os420xl87-2 2.8 28.4 5.2 4.6 
B14AxOh41 4.0 42.6 2.5 6.6 
B14AXC103 5.9 75.2 1.0 11.2 
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demonstrated in Figure 2 where the prediction line for population crosses 
is similar to the midparent value. The prediction equations for stalk 
strength of both sets of population testcrosses also are presented in 
Figure 2. Although the slopes of the regression lines are lower for 
testcrosses, they show the same trends as do their respective populations. 
Significant linear regression coefficients were obtained for stalk 
strength/area of populations, testcrosses, and population crosses (Table 
25 and Figure 3). The most important observation on this trait is that 
selection for stalk-rot resistance increased stalk strength/area 1.12 
2 2 kg/cm per cycle, while the BSlMS populations showed only a 0.72 kg/cm 
increase per cycle. However, the regression coefficients for testcrosses 
of the BSIMS and BSISR populations were essentially equal (i.e., 0.34 
and 0.35 for stalk-strength and stalk-rot selection, respectively). 
Stalk-rot reactions were 1.8 and 1.7 for the BS1MSC3 and BS1SRC3 
populations, respectively (Table 25 and Figure 4). This suggests that 
the methods of selection were equivalent. A quadratic response was 
observed for stalk-rot selection, however, and a stalk-rot rating of 1.8 
actually was achieved by the second cycle of selection (Figure 4). The 
differences between the CO testcross and 03 testcrosses were not as 
great as the differences between the actual CO and 03 population means. 
Thus, it seems that Os420xl87-2 contains some genes with dominance or 
partial dominance for stalk-rot susceptibility (Figure 4). 
All populations, testcrosses, and population crosses showed signifi­
cant Increases in rind strength over cycles of selection, except the 
testcrosses of BSlSR populations (Table 25). The responses in populations 
Figure 2. Changes in stalk-strength values of BSl populations, test-
crosses, and population crosses 
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Figure 3. Changes in stalk strength/area of BSl populations» testcrosses, 
and population crosses 
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Figure 4. Changes in stalk-rot ratings of BSl populations, testcrosses, 
and population crosses 
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and population testcrosses were approximately the same for the two methods 
of selection (Figure 5). The slope of the prediction equation for the 
population crosses, however, was higher than for either of the parents. 
This Indicates that some different favorable alleles for rind strength 
were selected by the two methods. 
Evaluation of Field Stalk Quality and Root Quality 
The analyses of variance for stalk lodging, field stalk rot, and 
root lodging for data obtained in four environments are given in Table 26. 
Highly significant differences were observed among entries for stalk 
lodging and field stalk rot. No differences were observed among entries 
for root lodging. There was a significant entries x environments Inter­
action for stalk lodging and root lodging. However, partitioning of the 
entries x environments interaction variation for stalk lodging shows that 
only the interaction of checks and populations vs checks x environments 
were significant. Populations x environments explained most of the 
entries x environments variance for root lodging. 
The significant entries x environments component for root lodging 
was observed because 1980 was the only year to show significant differ­
ences among populations. Also, the significant entries x environments 
interaction for stalk lodging was observed because the differences be­
tween single crosses with high stalk quality and single crosses with 
low stalk quality (i.e., Bl4AxC103 vs 0s420xl87-2) were greater in 
high-stress environments than in low-stress environments (Tables A5 to 
A12). Genotypes grown at Ames in 1980 were subjected to severe heat 
Figure 5. Changes in rind strength values of BSl populations, test-
crosses, and population crosses 
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Table 26. Analyses of variance for field stalk and root quality of BSl 
populations and three single-cross checks evaluated in four 
environments (Ames and Ankeny, 1980 and 1981) 
Mean squares 
Stalk Field stalk Root 
Source d.f. lodging rot lodging 
Environment (E) 3 2264. 99 3528. 40 191. 04 
Rep/E 16 73. 61 132. 05 50. 84 
Entries 21 1792. 63** 6684. 33** 68. 53 
Populations 18 819. 02** 4310. 78** 42. 51 
Pop. lin 2 2274. 62** 15818. 05** 163. 02* 
Ave lin 1 4536. 97** 31405. 46** 10. 43 
Bet b's 1 12. 27 230. 64 315. 61* 
Pop. quad 2 327. 87** 386. 75 10. 12 
Ave quad 1 478. 60** 679. 36* 16. 79 
Bet b's 1 177. 14 94. 14 3. 45 
Testcross lin 2 143. 00 2166. 66** 61. 32 
Ave lin 1 0. 62 2805. 48** 27. 61 
Bet b's 1 285. 38* 1527. 86** 95. 03 
Testcross quad 2 288. 77* 518. 70* 4. 22 
Ave quad 1 32. 40 69. 83 5. 89 
Bet b's 1 545 14** 967 .57* 2 55 
Population-cross lin 1 4738 .85** 19227 .75** 48 .40 
Population-cross quad 1 31 .30 403 .10 0 53 
Intercept 1 3255 .30** 18595 .60** 18 .90 
Residual 7 92 .62 266 .74 31 .43 
Checks 2 10878 .90** 31377 .64** 303 .18** 
Populations vs Checks 1 1145 .07** 21 .61 67 .59 
Entries x E 63 189 .11** 184 .00 44 .53* 
Populations x E 54 68 .31 139 .76 46 .29* 
Checks X E 6 1144 .16** 553 .71** 27 .36 
(Populations Checks) x E 3 453 .48** 241 .02 47 .20 
Error 336 68 .50 151 .13 30 .97 
Total 439 
C.V. (%) 75 .2 52 .0 163 .7 
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and drought stress during flowering and the first two weeks of grain 
filling, while those grown at Ankeny In 1981 showed symptoms of severe 
nitrogen deficiency. Although the interactions were not significant, 
field stalk rot showed similar trends to stalk lodging among the different 
environments. 
Partition of the total entries sums of squares showed highly signifi­
cant differences among the populations, testcrosses, and population 
crosses for field stalk lodging and stalk rot. Further partitioning of 
the population sums of squares showed that linear regression accounted 
for most of the variation among cycle populations per se, cycle-population 
testcrosses, and population crosses. Quadratic regressions, however, 
were significant for populations and testcrosses for field stalk rot 
and stalk lodging. 
Data in Table 27 show that stalk-strength selection resulted in a 
quadratic reduction in stalk lodging, while selection for stalk-rot 
resistance showed a linear decrease in stalk lodging. The C3 population 
from stalk-rot selection had 2.5 percent stalk lodging, while the BS1MSC3 
population had 6.0 percent. Stalk-strength selection for the first two 
cycles, however, was the superior method (Figure 6). 
Testcrosses of populations from both selection methods showed 
essentially the same trend in stalk lodging as did their respective 
populations. The C3 testcrosses from both methods had significantly 
lower stalk lodging than their midparent values, indicating partial 
dominance of genes for resistance in BS1MSC3 and BS1SRC3 over genes for 
susceptibility in Os420xl87-2. The population crosses showed the same 
Table 27. Means and linear and quadratic regression coefficients for field stalk and root quality 
of BSl populations evaluated in four environments (Âmes and Ankeny, 1980 and 1981) 
Cycles of selection Intercept Regression coefficients 
Entry Trait 0 1 2 3 ) "A *^4 
BSIMS Stalk 13, .3 4.6 3 .8 6, .0 12. ,87 -10.25±(2.52) 2.68±(0.83) 
BSISR lodging (%) 13, .3 6.3 6, .1 2. 5 11. 07 -2.88±(0.66) 0.87±(0.83) 
BSlMSx(Os420xl87-2) 22. 0 11.3 12 .6 9. 3 21. ,84 -9.99±(2.53) 2.03±(0.86) 
BSlSRx(08420x187-2) 22, .0 21.7 15, .0 10. 9 21. 39 -3.14±(0.68) -1.13±(0.86) 
BSlMSxBSlSR 13. 3 8.0 5, .4 2, 6 11. 07 -2.84+(0.66) 0.58±(0.83) 
BSIMS Field stalk 25. 4 10.0 8. 9 5. 0 24. 89 -15.28±(3.74) 2.98±(1.24) 
BSISR rot (%) 25, .4 14.6 11. 7 7. 6 21. 96 -5.081(0.98) 1.67+(1.24) 
BSlMSx(0s420x187-2) 45, .8 33.5 33. 2 25. 5 4.6. 6_3 -7.40±(1.01) 1.45+(1.28) 
BSlSRx(0s420xl87-2) 45. 8 50.4 37. 7 32. 3 45. 97 3.121(3.76) -2.771(1.28) 
BSlMSxBSlSR 25, ,4 16.6 8. ,9 9. 4 21. 96 -4.95±(0.98) 2.09±(1.24) 
BSIMS Root lodging 2. 7 5.0 4. 2 5. 6 3. 39 0.70±(0.54) -0.18±(0.68) 
BSISR (%) 2, 7 4.5 0. 9 1. 0 3. 39 -0.80±(0.54) -0.43±(0.68) 
BSlMSx(0s420xl87-2) 4. 0 4.9 3. 9 5. 8 4. 18 0.374(0.56) 0.30±(0.71) 
BSlSRx(0s420xl87-2) 4. 0 5.0 1. 9 3. 3 4. 18 -0.46±(0.56) 0.08+(0.71) 
BSlMSxBSlSR 2. 7 3.2 2. 2 2. 7 3. 39 -0.34±(0.54) 0.08±(0.68) 
Trait 
Check Stalk lodging (%) Field stalk rot (%) Root lodging (%) 
0s420xl87-2 41.9 69.9 6.9 
B14AxOh41 3.3 1.3 0.0 
B14AxC103 0.0 1.3 0.3 
Figure 6. Changes in percent stalk lodging of BSl populations, test-
crosses, and population crosses 
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response as the stalk-rot populations. This suggests that some alleles 
In the stalk-rot populations have a stronger effect on stalk lodging 
than do alleles for lodging resistance in the stalk-strength populations. 
Selection for stalk strength showed a quadratic reduction in field 
stalk rot (Table 27). Stalk rot was reduced from 25^4 percent In the CO 
to 5.0 percent in the C3. Stalk-rot selection showed a linear decrease 
in field stalk rot, which resulted in a C3 value of 7.6 percent. 
Conversely, testcrosses from the stalk-rot populations showed a quadratic 
reduction in stalk rot, while the response was linear for the BSIMS 
population testcrosses. The population crosses showed a linear response 
(Figure 7). The C3 testcross from stalk-strength selection had signifi­
cantly less field stalk rot than its midparent value, whereas the C3 
testcross from stalk-rot selection was not different from the midparent 
value. 
There were no significant responses of root lodging to selection 
for either improved stalk strength or stalk-rot resistance. The trend 
was for root lodging of the BSlMS populations to Increase, whereas the 
BSlSR populations showed a tendency to decrease. Martin (1981) found 
this trend to be highly significant when the BSl populations were 
evaluated at two locations. 
Evaluation of Yield and Yield Components 
Yield and seven yield components of the BSl populations per se, 
population testcrosses, population crosses, and three single-cross 
checks were evaluated at two locations in 1980 and 1981. The analyses 
Figure 7. Changes in percent field stalk rot of BSl populations, test-
crosses, and population crosses 
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of variance for data of these traits obtained in four environments are 
presented in Table 28. 
Significant variation was observed among entries for all traits 
except shelling percentage. Partitioning of the total entries sums of 
squares showed that there were highly significant differences among popu­
lations for all traits except shelling percentage, among checks for four 
traits, and between the populations and checks means for five traits. 
None of the sources of variation was significant for shelling percentage* 
Entries x environments interactions also were significant for all traits 
except kernel rows and shelling percentage. Checks x environments were 
significant for five traits, while populations x environments were 
significant for only yield and ear diameter. It seems that the populations 
X environments interactions can be explained by a larger difference be­
tween low-yielding and high-yielding genotypes in high-streàs environments 
than in minimal-stress environments. This situation can be seen by com­
paring means of the CO population and C3 populations from 1980 with those 
from 1981 (Tables A13 to Â20). The Ames location included both heat and 
drought stress in 1980. Also, the Ankeny location was subject to nitrogen 
deficiency in 1981. Similar trends as those noted for the populations 
also were observed for the checks (Table A21). 
When the total sums of squares for populations were partitioned into 
sums of squares for linear and quadratic regression of populations per 
se, testcrosses, and population crosses, linear regression explained 
most of the variability among cycles of selection. Quadratic regression 
for populations was significant for ears per plant, kernel depth, and 
Table 28. Analyses of variance for yield and yield components of BSl 
populations and three single-cross checks evaluated in four 
environments (Ames and Ankeny, 1980 and 1981) 
Source d.f. Yield 
Ears per 
plant® 
Environments (E) 3 7770.33 36.28 
Rep/E 16 176.62 0.90 
Entries 21 1491.38** 3.75** 
Populations 18 1371.51** 4.21** 
Pop. lln 2 8722.42** 12.98** 
Ave lln 1 17440.04** 21.49** 
Bet b's 1 4.80 4.47* 
Pop. quad 2 359.75 3.44* 
Ave quad 1 302.71 4.35* 
Bet b's 1 416.79 2.53 
Testcross lln 2 544.80 7.73** 
Ave lln 1 640.00 14.90** 
Bet b's 1 449.60 0.56 
Testcross quad 2 217.90 1.56 
Ave quad 1 398.08 2.26 
Bet b's 1 37.72 0.86 
Population-cross lln 1 3897.05** 5.05* 
Population-cross quad 1 16.55 0.20 
Intercept 1 189.40 14.98** 
Residual 7 127.76 0.61 
Checks 2 789.64 0.86 
Populations vs Checks 1 5052.52** 1.25 
Entries x E 63 203.66** 1.48** 
Populations x E 54 173.43** 1.39 
Checks X E 6 574.09** 0.06 
(Populations vs Checks) x E 3 6.80 6.07** 
Error 336 68.18 0.98 
Total 439 
C.V. (%) 11.8 10.0 
^ean squares are multiplied by 10^, in this and all subsequent 
tables. 
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Mean squares 
Ear ^ Kernel Ear Kernel Shelling Kernel 
diameter rows length depth percentage weight 
107.90 7.61 32.21 16.92 139.40 7278.80 
3.91 0.57 1.10 1.10 17.46 38.37 
54.59** 9.90** 29.73** 3.31** 20.78 947.03** 
57.49** 6.63** 16.49** 3.48** 24.13 246.15** 
317.80** 30.82** 88.43** 20.12** 5.25 83.47 
625.05** 61.43** 174.02** 39.52** 2.98 3.02 
10.55 0.21 2.82 0.72 7.52 163.92* 
2.12 0.24 0.33 2.27* 17.05 139.67* 
2.36 0.23 0.09 0.65 0.46 268.53** 
1.88 0.25 0.57 3.89* 33.64 10.81 
51.47** 1.27* 19.15** 3.05* 1.22 1133.35** 
56.10** 2.54* 37.33** 1.88 2.26 2165.23** 
46.84** 0.00 0.97 4.22** 0.18 101.47 
4.17 0.00 3.67 0.71 37.17 78.37 
8.10 0.00 1.94 1.17 37.54 60.15 
0.24 0.00 5.40* 0.25 36.80 96.59 
173.85** 37.00** 36.40** 5.45** 8.15 671.95** 
1.35 0.70 0.05 0.01 3.32 85.65 
66.10** 5.38** 25.85** 0.26 60.60 5.25 
6.05 1.66** 1.62 0.66 34.39 114.00 
6.72 29.94** 36.30** 3.16* 0.72 4873.68** 
98.13** 34.68** 254.91** 0.55 0.55 5709.57** 
5.15** 0.46 1.96** 1.13** 21.40 62.51** 
4.26** 0.50 1.67 0.94 24.21 30.70 
14.05** 0.25 5.41** 3.05** 4.57 315.28** 
3.38 0.16 0.32 0.71 4.48 129.48* 
2.70 0.40 1.28 0.62 18.53 31.61 
3.6 4.1 5.9 39.5 5.1 5.8 
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kernel weight. The residual for kernel rows was highly significant, 
indicating the possibility of a cubic response. 
Regression coefficients showed that three cycles of stalk-strength 
and stalk-rot selection significantly reduced grain yield from 70.8 q/ha 
in the CO to 49.5 q/ha and 54.2 q/ha in BS1MSC3 and BS1SRC3, respec­
tively (Table 29). The response was quadratic for stalk-strength 
selection and was linear for stalk-rot selection. Population crosses 
also showed a linear (bjj^ = -3.95) reduction in yield. The population-
cross means were significantly higher than the midparent values; the 
decrease for BS1MSC3 x BS1SRC3 (8.8 q/ha) was less than half that for 
the parental mean (18.8 q/ha). This indicates that the frequencies of dif­
ferent genes controlling yield changed for the two methods of selection 
(Figure 8). No significant differences were observed between the C3 test-
crosses and the CO population or CO testcross. It seems that the single-
cross tester (Os420xl87-2) contains some dominant, favorable alleles for 
yield that are masking the changes in the stalk-quality populations. 
All yield coz^onents except kernel weight and shelling percentage 
showed the same trend as yield (Table 30). Kernel weight was the only 
yield component to have a positive response to selection for stalk 
quality. It increased from 89.6 g in the CO to 92.4 and 95.8 g in 
BS1MSC3 and BS1SRC3, respectively. These increases, however, were not 
sufficient to offset the significant reductions in other con^onents. 
The only response in shelling percentage was a small quadratic (bg^ = 
-2.07, b^ = 0.90) increase in the testcrosses of the stalk-rot 
populations. 
Table 29. Means and linear and quadratic regression coefficients for yield and yield components of 
BSl populations evaluated in four environments (Ames and Ankeny, 1980 and 1981) 
Cycle of selection Regression coefficient 
Entry Trait 1 0 1 2 «1 i  
BSIMS Yield (q/ha) 70 .8 70 .7 61.4 49. 5 71, .77 0.84±(4.01) -2.79±(1. 33) 
BSISR 70 .8 68 .5 56.7 54. 2 73, .18 -6.76±(1.05) -0.02±(1. 33) 
BSlMSx(Os420xl87-2) 74 .4 78 .0 78.8 74. 5 75, .67 0.36±(1.08) -1.99±(1. 37) 
BSlSRx(Os420xl87-2) 74 .4 73 .9 75.2 69. 9 75, .67 -1.43±(1.08) -1.16±(1. 37) 
BSlMSxBSlSR 70 .8 71 .5 63.2 62. 0 73, .18 -3.95±(1.05) -0.42±(1. 33) 
BSIMS Ears per plant 10 .6 10 .2 10.0 8. ,6 10. 50 0.18±(0.30) -0.27±(0. 10) 
BSISR (times 10) 10 .6 10 .3 9.9 9. 4 10, .68 -0.40±(0.08) -0.06±(0. 10) 
BSlMSx(Os420xl87-2) 9 .9 10 .0 10.0 9. 4 9. 98 -0.10±(0.08) -0.18±(0. 10) 
BS1SRx(0s420xl8 7-2) 9 .9 10 .0 10.0 9. 8 9. 98 -0.06±(0.08) -0.06±(0. ,10) 
BSlMSxBSlSR 10 .6 10 .4 10.0 9. 8 10. 68 -0.30±(0.08) -0.01±(0. 10) 
BSIMS Ear diameter 4 .5 4 .5 , 4.3 4. 2 4. 51 -0.10±(0.02) -0.02±(0. 21) 
BSISR (cm) 4 .5 4 .4 4.2 4. 2 4. 51 -0.12±(0.02) 0.00±(0. 21) 
BSlMSx(Os420xl87-2) 4 .6 4 .7 4.7 4. 7 4. 66 0.01±(0.02) -0.02±(0. 22) 
BSlSRx(Os420xl87-2) 4 .6 4 .6 4.6 4. 5 4. 66 -0.05±(0.02) -0.03±(0. 22) 
BSlMSxBSlSR 4 .5 4 .5 4.4 4. 3 4. 51 -0.06±(0.02) -0.01±(0. 21) 
BSIMS Kernel rows 15, .8 15, .3 14.9 14. 5 15. 92 -0.48±(0.05) 0.06±(0. 06) 
BSISR 15, .8 15 .9 14.6 14. 7 15. 92 -0.44±(0.05) -0.01±(0. 06) 
BSlMSx(Os420xl87-2) 16, .4 15, .8 16.0 15. 4 16. 34 -0.30±(0.05) 0.00±(0. 07) 
BSlSRx(0s420x187-2) 16, .4 16. 0 15.7 15. 4 16. 34 -0.31±(0.05) 0.00±(0. 07) 
BSlMSxBSlSR 15, .8 15. 9 15.1 14. 8 15. 92 -0.35±(0.05) -0.09±(0. 06) 
BSIMS Ear length 18. 6 18. 3 17,6 17. 0 18. 66 -0.55±(0.09) -0.08±(0. 11) 
BSISR (cm) 18. 6 18. 5 17.5 17. 6 18. 66 -0.40±(0.09) 0.02±(0. 11) 
BSlMSx(0s420x187-2) 19. 6 19. 2 19.8 19. 7 19. 58 0.03±(0.09) 0.05±(0. 12) 
BSlSRx(Os420xl87-2) 19. 6 19. ,7 20.0 19. 0 19. 47 0.68±(0.34) -0.27±(0. 12) 
BSlMSxBSlSR 18. 6 18. 5 18.1 17. 9 18. 66 -0.25±(0.09) -0.02±(0. 11) 
Table 29. Continued 
Cycle of selection Regression coefficient 
Entry Trait 0 ] L I 3 b 
o 
b q 
BSIMS Kernel depth 8.8 9. 0 8. ,4 7 .7 9. ,59 -0.62±(0.06) -0.131(0.08) 
BSISR (mm) 8.8 8. 7 8. 1 8 .3 9. 18 2.20±(0.24) -0.90±(0.08) 
BSlMSx(0s420xl87-2) 9.0 9. 3 9. 4 9 .2 9. ,06 0.09+(0.06) -0.12±(0.08) 
BSlSRx(Os420xl87-2) 9.0 8. 8 9. 1 8 .7 9. 06 -0.08±(0.06) -0.05±(0.08) 
BSlMSxBSlSR 8.8 8. 9 8. 6 8 .6 9. 59 -0.42±(0.06) -0.08î(0.08) 
BSIMS Shelling 83.7 83. 6 83. 7 81 .8 83. 62 -0.39±(0.34) -0.42±(0.43) 
BSISR percentage 83.7 82. 7 83. 1 83 .5 83. 62 -0.16±(0.34) 0.37±(0.43) 
BSlMSx(Os420xl87-2) (%) 83.1 79. 4 84. 3 83 .8 82. 69 -2.07±(1.32) 0.901(0.45) 
BSlSRx(Os420xl87-2) 83.1 82. 8 82. 2 83 .6 82. 21 0.48±(0.35) 0.071(0.45) 
BSlMSxBSlSR 83.7 84. 0 82. 6 83 .6 83. 62 -0.08±(0.34) 0.191(0.43) 
BSIMS Kernel 89.6 96. 1 91. 0 92, .4 90. 24 4.56±(1.71) -1.351(0.57) 
BSISR weight (g) 89.6 95. 3 93. 9 95 .8 90. 80 1.84±(0.45) -0.901(0.57) 
BSlMSx(Os420xl87-2) 89.6 97. 9 96. 5 100. 3 89. 77 7.10±(1.72) -1.281(0.59) 
BSlSRx(0s420x187-2) 89.6 91. 1 97. 2 98, .2 90. 38 2.69±(0.46) 0.051(0.59) 
BSlMSxBSlSR 89.6 90. 4 93. 5 97, .4 90. 80 1.76±(0.45) 0.961(0.57) 
Figure 8. Changes in yield of BSl populations, testcrosses, and 
population crosses 
120 
Testcrosses 
80 
70 
60 A MSCp Y = 7fi Ji?+0.00(X) 
— e SRCp Y = 73.35+0.00(X) 
/y CO = 74.4 
I _L 
80 
70 
60 
50 
40 
Populations and population-crosses 
—— • SRC 
MSC n 4 = 71.77+0.8IKX)-2.79(X2) 
n Y = 73.18-6.76(X) 
o MSCp X SRCp h = 73.18-3.95(X) 
0 1 2 
Cycle of Selection 
121 
Table 30. Means for yield and yield components of three single-cross 
checks grown in four environments (Ames and Ankeny, 1980 and 
1981) 
Check 
Trait 0s420xl87-2 B14AsOh41 Bl4AxC103 
Yield (q/ha) 75.1 85.4 74.0 
Ears per plant (times 10) 9.7 10.0 9.6 
Ear diameter (cm) 4.6 4.6 4.5 
Kernel rows 16.0 13.9 14.1 
Ear length (cm) 20.7 22.3 19.7 
Kernel depth (mm) 8.4 9.2 9.0 
Shelling percentage (%) 83.0 83.4 83.2 
Kernel weight (g) 86.7 110.7 116.0 
Evaluation of Maturity and Plant Traits 
Maturity and plant traits of the BSl populations, population test-
crosses, population crosses, and three single-cross checks were evaluated 
at Ames for two years. The analyses of variance for these traits are 
given in Table 31. Highly significant differences were observed among 
entries for all traits. There were no significant entries x years 
interactions. Partitioning of the entries x years Interactions sums of 
squares showed, however, that checks x years was significant for ear 
height and that the populations ^  checks x years interactions were 
significant for silking and anthesis-to-silking. 
Table 31. Analyses of variance for maturity and plant traits of BSl 
populations and three single-cross checks evaluated for two 
years (Ames, 1980 and 1981) 
Source d.f. Anthesis Silking 
Year (Y) 1 3048.91 2974.91 
Rep/Y 8 5.43 1.53 
Entries 21 17.97** 15.26** 
Populations 18 12.12** 14.50** 
Pop. lin 2 45.87** 72.84** 
Ave lin 1 42.83** 70.58** 
Bet b's 1 48.91** 75.10** 
Pop. quad 2 1.66 3.15* 
Ave quad 1 2.72 0.00 
Bet b's 1 0.60 6.30* 
Testcross lin 2 21.26** 18.17** 
Ave lin 1 29.25** 21.80** 
Bet b's 1 13.27** 14.54** 
Testcross quad 2 3.40* 2.52 
Ave quad 1 5.51* 5.00* 
Bet b's 1 1.29 0.04 
Population-cross lin 1 8.78** 4.36* 
Population-cross quad 1 5.94* 8.30** 
Intercept 1 36.55** 19.18** 
Residual 7 3.21** 5.11** 
Checks 2 65.23** 25.90** 
Populations vs Checks 1 28.75** 7.66 
Entries x Y 21 1.40 1.25 
Populations x Y 18 1.49 0.89 
Checks X Y 2 1.23 2.43 
(Populations ^  Checks) x Y 1 0.12 5.37* 
Error 168 1.00 1.04 
Total 219 
C.V. (%) 7.1 6.2 
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Mean squares 
Anthesls- Major Minor Number Length 
to- stalk stalk Plant Ear of of 
sUking diameter diameter height height internodes internode 
0.45 116.39 79.30 4179.50 1397.09 47.85 10.28 
3.09 2.49 1.83 447.11 144.16 0.43 2.87 
2.69** 21.09** 11.77** 295.15** 297.89** 2.25** 1.91** 
1.56 19.86** 11.42** 257.23** 239.32** 1.03** 1.50** 
3.12 142.72** 65.51** 1299.53** 1207.46** 4.84** 6.10** 
3.45 1.55 1.41 158.24 27.53 4.75** 11.11** 
2.97 283.89** 129.61** 2440.82** 2387.39** 4.93** 1.09* 
2.83 4.64 8.33** 157.07* 66.85 0.23 1.55** 
2.68 0.10 1.72 61.87 119.26 0.07 0.06 
2.98 9.18 14.94* 252.27* 14.44 0.39 3.04** 
1.16 9.74** 11.59** 467.09** 422.16** 1.07** 2.62** 
1.71 0.09 2.44 104.46 505.04** 1.37** 4.13** 
0.61 19.39** 20.74** 829.72** 339.28** 0.77* 1.11** 
0.43 3.34 4.07 52.77 62.01 0.02 0.42 
0.01 2.98 8.06* 76.83 46.97 0.02 0.55 
0.85 3.70 0.08 28.71 77.05 0.02 0.29 
0.76 3.00 13.73** 164.02 116.88 1.68** 0.30 
0.20 2.98 1.93 58.87 222.73* 0.02 0.46 
2.77 0.06 1.66 9.07 112.49 1.91** 3.25** 
1.52 4.41* 1.32 63.60 51.24 0.37* 0.23 
10.83** 9.25** 1.50 309.37** 973.63** 11.32** 6.45** 
6.75 66.91** 38.61** 949.27** 0.67 6.07* 0.21 
1.44 2.41 2.55 49.17 48.85 0.11 0.28 
1.37 2.51 2.55 51.71 43.43 0.11 0.31 
0.70 1.94 2.80 47.26 118.06* 0.13 0.09 
4.18* 1.55 2.05 7.27 7.99 0.07 0.12 
1.00 1.83 1.68 43.73 36.96 0.15 0.21 
41.42 4.6 5.0 2.8 4.9 2.6 2.8 
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Subdivision of the total sums of squares for entries showed that 
mean squares for populations and for checks were highly significant for 
all traits except anthesis-to-silking and minor stalk diameter, 
respectively. Partitioning of the sums of squares for BSl populations 
showed that linear regression explained most of the variability among 
cycle populations per se for anthesis, silking, major stalk diameter, 
minor stalk diameter, plant height, ear height, and number and length 
of intemodes. The average linear and difference between slopes of 
cycle-population means were significant for anthesis, silking, intemode 
length, and intemode number. The average linear was not significant 
and between b's were significant for major stalk diameter, minor stalk 
diameter, plant height, and ear height of the populations. Quadratic 
regression was significant for silking, minor stalk diameter, plant 
height, and length of intemode. The between b's component explained 
all of the quadratic response in population means for these traits. 
The mean squares for linear regression of testcrosses on cycles of 
selection were significant for the same traits as for linear regression 
of populations. They, however, usually were of smaller magnitude. 
Average linear and between b's components also showed the same response 
In testcrosses as they did in the population. In contrast to the re­
sponse of populations per se, anthesis, silking, and minor stalk 
diameter of testcrosses showed quadratic responses that were explained 
by a significant average component, with no difference between methods. 
The smaller magnitude of the testcrosses mean squares and the lack of 
significant difference between testcrosses from the two methods of 
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selection indicate masking of genetic differences by the tester 
(08420x187-2). 
Mean squares for linear and quadratic regression of the population 
crosses showed the same trends as the populations for several traits. 
However, their magnitudes Indicate that the differences were not as great 
as the difference among populations. This suggests that selection has 
changed some different alleles in the two sets of populations and, upon 
crossing, the differences among cycle populations are minimized. 
An examination of the means and regression coefficients in Table 32 
reveals that the populations from the two methods of selection are diverse 
for maturity and plant traits. Anthesis showed a significant linear 
(b^ = 0.50) increase from stalk-strength selection, while selection for 
stalk-rot resistance resulted in a significant quadratic (b^^ = 0.62, 
bq - -0.31) reduction. Days to silking showed similar responses. 
Although the mean square was nonsignificant for anthesis-to-silking 
Interval, stalk-strength selection led to a quadratic increase in this 
trait. The two sets of populations also showed contrasting responses 
for major stalk diameter, minor stalk diameter, plant height, and ear 
height. The stalk-strength populations showed significant increases, 
whereas the stalk-rot populations showed decreases. Increased plant 
and ear heights in the stalk-strength populations were caused by in­
creases in number (b^ = 0.22) and length (bj^ = 0.53, b^ = -0.21) of 
intemodes (Table 32). In contrast, reduced plant and ear height from 
stalk-rot selection was the result of shorter intemodes (bj^ = -0.16). 
The responses in testcrosses and population crosses generally paralleled 
Table 32. Means and linear and quadratic regression coefficients for maturity and plant traits 
evaluated for two years (Ames, 1980 and 1981) 
Cycles of selection Regression coefficients 
Entry " Trait 0 1 2 3 b 
( 0 
BSIMS Anthesis 13 .9 14 .7 15 .7 15 .7 14 .36 0.50±(0.11) -0.16+(0.15) 
BSISR 13 .9 14 .7 13 .6 13 .2 14 .00 0.62±(0.43) -0.31±(0.15) 
BSlMSx(Os420xl87-2) 12 .6 13 .9 13 .3 13 .3 12 .55 1.32±(0.43) -0.37±(0.15) 
BSlSRx(Os420xl87-2) 12, ,6 12 .3 13 .0 12 .0 12 .81 -0.18+(0.12) -0.15±(0.15) 
BSlMSxBSlSR 13 .9 15 .1 14 .3 14, .1 14 .36 -0.01+(0.11) -0.36±(0.15) 
BSIHS Silking 16 .2 16 .3 18 .6 19 .1 16 .53 0.83±(0.12) 0.18±(0.15) 
BSISR 16, .2 17 .3 15 .8 15, .8 16, .29 0.68+(0.44) -0.30±(0.15) 
BSlMSx(0s420x187-2) 15, .1 16 .4 15 .8 16 .1 15, .41 0.27±(0.12) -0.27+(0.15) 
BSlSRx(08420x187-2) 15, .1 15 .3 15 .2 14, .4 15 .41 -0.25±(0.12) -0.23±(0.15) 
BSlMSxBSlSR 16, .2 17 .3 16 .7 16, .1 16 .29 1.18±(0.44) -0.42±(0.15) 
BSIMS Anthesis- to- 2. 4 1, 6 2, .9 3. 4 2, .29 -0.59±(0.43) 0.33±(0.15) 
BSISR silking 2. ,4 2. 6 2, .2 2. 6 2. 17 0.12±(0.11) 0.00±(0.15) 
BSlMSx(Os420xl87-2) 2. ,6 2. 5 2, .5 2. 8 2. 60 0.02±(0.12) 0.10±(0.15) 
BSlSRx(Os420xl87-2) 2. 6 3. ,0 2. 2 2, .4 2. 60 -0.07±(0.12) -0.08±(0.15) 
BSlMSxBSlSR 2. 4 2. 2 2. ,4 2. 0 2. 17 0.00±(0.11) -0.06+(0.15) 
BSIMS Major stalk 29. 1 29. ,5 32. 8 31. ,8 29. 04 1.14+(0.15) -0.29±(0.20) 
BSISR diameter (nm) 29. 1 27. ,9 26. 7 26. 9 29. 04 -0.87±(0.15) 0.29±(0.20) 
BSlMSx(Os420xl87-2) 28. 7 29. 7 30. 0 29. 7 28. 98 0.35±(0.16) -0.32±(0.20) 
BSlSRx(0s420x187-2) 28. 7 29. 0 29. 0 28. 2 28. 08 -0.17±(0.16) -0.25±(0.20) 
BSlMSxBSlSR 29. 1 29. 5 29. 2 29. 2 29. 04 0.16±(0.15) -0.25±(0.20) 
BSIMS Minor stalk 25. 1 25. 9 27. 7 27. 4 24. 97 0.98+(0.15) -0.26±(0.19) 
BSISR diameter (mm) 25. 1 23. 6 23. 9 24. 4 24. 98 -1.63+(0.56) 0.48±(0.19) 
BSlMSx(Os420xl87-2) 25. 0 25. 9 26. 7 26. 2 25. 30 0.42±(0.15) -0.34±(0.19) 
BSlSBx(Os420xl87-2) 25. 0 25. 4 25. 4 24. 6 25. 30 -0.12±(0.15) -0.29±(0.19) 
BSlMSxBSlSR 25. 1 25. 4 26. 4 25. 9 24. 97 0.44±(0.15) -0.20+(0.19) 
Table 32. Continued 
Cycles of selection Regression coefficients 
Entry Trait 0 1 2 3 bo 
BSIMS Plant height 224 .8 235. 0 233 .8 233 .5 225 .71 10.04±(2.85) -2.55±(0.97) 
BSISR (cm) 224 .8 223. ,7 219 .1 219, .5 227 .09 -3.01±(0.75) 0.50±(0.97) 
BSlMSx(Os420xl87-2) 227, .5 231. ,4 235 .7 234, .0 227 .86 2.70±(0.77) -1.49±(0.97) 
BSlSRx(Os420xl87-2) 227, .5 224. ,4 229 .6 224 .3 227 .86 -0.75±(0.77) -0.47±(0.97) 
BSlMSxBSlSR 224, .8 231, ,9 228, .7 231, .2 227, .09 1.44±(0.75) -1.13±(0.97) 
BSIMS Ear height (cm) 120. 6 129. 4 128, .9 129. 8 121, .45 8.26±(2.62) -1.88±(0.89) 
BSISR 120. 6 121. 4 117. 3 112. 9 123. 72 -3.40±(0.69) -1.15+(0.89) 
BSlMSx(Os420xl87-2) 120. 3 124. 6 122. 2 120. 5 121. 01 0.32±(0.71) -1.61±(0.90) 
BSlSRx(Os420xl87-2) 120. 3 116. 9 118. 9 115. 3 121. 01 -1.82±(0.71) 0.08±(0.90) 
BSlMSxBSlSR 120. .6 129. 1 124. ,3 124. ,1 121. 45 7.17±(2.62) -2.19±(0.89) 
BSIMS Nunter of 14. ,3 14. 6 14. 6 15. ,1 14. 36 0.22±(0.04) 0.03±(0.06) 
BSISR internodés 14. 3 14. 6 14. ,2 14. 2 14. 36 -0.04±(0.04) -0.09±(0.06) 
BSlMSx(Os420xl87-2) 14. 0 14. 2 14. ,0 14. 3 14. 00 0.08±(0.04) 0.03±(0.06) 
BSlSRx(0s420xl87-2) 14. 0 13. 8 14. ,1 13. 9 14. 00 -0.02±(0.04) 0.00±(0.06) 
BSlMSxBSlSR 14. 3 14. 6 14. 3 14. 6 14. 36 0.06±(0.04) 0.02+(0.06) 
BSIMS Length of 15. 8 16. 1 16. 0 15. 5 15, ,75 0.53±(0.20) -0.21±(0.07) 
BSISR intemodes (cm) 15. 8 15. 3 15. 4 15. 5 15. 83 -0.16+(0.05) 0.13±(0.07) 
BSlMSx(Os420xl87-2) 16. 3 16. 3 16. 9 16. 3 16. 21 0.48±(0.20) -0.14±(0.07) 
BSlSRx(Os420xl87-2) 16. 3 16. 2 16. 3 16. 2 16. 29 •r0.03±(0.05) -0.03+(0.07) 
BSlMSxBSlSR 15. 8 15. 9 16. 0 15. 8 15. 83 0.04±(0.05) -0.10±(0.07 
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their expected midparent values (Tables 32 and 33). Because the two 
sets of populations per se showed contrasting responses in most plant 
traits, the advanced cycle population crosses were generally not sig­
nificantly different from the CO population. 
As noted by Martin (1981), much of the delay in maturity of the 
stalk-strength populations occurred during the first cycle of selection 
when there was no control on maturity of selected lines. This trend 
also was evident in the stalk-rot populations because the Cl was later 
than the CO, even though the overall response was earlier maturity. 
Furthermore, most of the increase in plant and ear height from stalk-
strength selection occurred during the first cycle, and probably is 
related to delayed maturity. 
Evaluation of Resistance to Northern Leaf Blight and First 
and Second Generation European Com Borer 
Analysis of variance for leaf blight ratings showed highly signifi­
cant differences for checks and populations vs checks (Table 34). The 
mean square for populations was significant at p = 0.05. All of the 
variation among populations was accounted for by linear regression, and 
the magnitude of the between b's component indicates a divergent linear 
response for the two methods of selection. Data in Table 36 showed that 
stalk-strength selection improved resistance (bjj^ = -0.17), while selec­
tion for stalk-rot resistance reduced resistance to leaf blight (b^^ = 
0 .12) .  
Analysis of data for first generation corn borer leaf feeding showed 
that all of the variability among entries was caused by the difference 
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Table 33. Means for maturity and plant traits of three single-cross 
checks grown for two years (Aines, 1980 and 1981) 
Check 
Trait Os420xl87-2 B14AxOh41 B14AxC103 
Anthesis 12.2 17.3 15.0 
Silking 15.0 . 18.1 17.3 
Anthesis-to-sllklng 2.8 0.8 2.3 
Major stalk diameter (mm) 29.7 31.2 31.5 
Minor stalk diameter (mm) 26.4 26.7 27.2 
Plant height (cm) 228.1 238.2 237.2 
Ear height (cm) 116.2 133.2 115.5 
Number of Intemodes 13.6 15.6 15.2 
Length of intemode (cm) 16.8 15.3 15.6 
between the two checks and the difference between the mean of populations 
and the mean of checks (Table 34). The regression coefficients showed 
no significant change in cycle populations (Table 36). 
The analysis of variance for second generation European com borer 
visual ratings and cavity counts are presented in Table 35. The checks 
were the only entries to show significant differences for visual ratings 
of second generation com borer resistance. However, selection for 
stalk strength did result in a small, significant linear decrease 
(bjj^ = -0.19) in second generation com borer ratings (Table 36). 
Cavity counts gave more variation among entries than did visual 
ratings, resulting in highly significant differences among populations 
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Table 34. Analyses of variance for first generation European com borer 
leaf feeding and northern leaf blight ratings evaluated for 
two years (Ames, 1980 and 1981) . . 
Mean squares 
Leaf Leaf 
Source d.f. feeding blight 
Years (Y) 1 38.44 53.14 
Rep/Y 8 0.51 0.32 
Entries 9 19.77* 3.17** 
Populations 7 0.78 0.96* 
Lin reg 2 1.05 2.91** 
Ave lin 1 1.20 0.06 
Bet b's 1 0.90 5.76** 
Quad reg 2 0.46 0.10 
Ave quad 1 0.09 0.01 
Bet b's 1 0.83 0.19 
Residual 3 0.81 0.23 
Checks 1 95.48** 21.84** 
Population vs Checks 1 76.99** 0.00 
Entries x Y 9 1.35* 0.27 
Populations x Y 7 1.04 0.12 
Checks X Y 1 4.70** 0.00 
(Populations ^  Checks) x Y 1 0.17 1.59** 
Error 72 0.63 0.17 
Total 
C.V. (%) 
99 
28.0 13.6 
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Table 35. Analyses of variance for cavity counts and visual ratings for 
second generation European com borer evaluated for two years 
(Ankeny, 1980 and 1981) 
Mean squares 
Source d.f. 
Visual 
ratings 
Cavity 
counts 
Years (Y) 1 21.62 247.12 
Rep/Y 8 0.44 9.32 
Entries 9 5.65 82.29** 
Populations 7 0.61 12.38** 
Lin reg 2 1.34 4.34 
Ave lia 1 1.82 0.04 
Bet b's 1 0.86 8.64 
Quad reg 2 0.55 13.07* 
Ave quad 1 0.11 25.30* 
Bet b's 1 0.99 0.84 
Residual 3 0.16 17.28** 
Checks 1 46.51** 151.25** 
Populations vs Checks 1 0.07 502.70** 
Entries x Y 9 1.85** 2.05 
Populations x Y 7 0.87 1.82 
Checks X Y 1 10.51** 0.10 
(Populations vs Checks) x Y 1 0.05 5.61 
Error 72 0.53 3.94 
Total 
C.V. (%) 
99 
10.1 16.0 
Table 36. Means and linear and quadratic regression coefficients for second generation com borer 
(visual ratings and cavity counts)» first generation European com borer leaf feeding 
and northern leaf blight ratings evaluated for two years (Ames, 1980 and 1981) 
Cycle of selection Regression coefficient 
Entry Trait 0 12 3b b- b 
2 * a 
BSIMS 
BSISR 
Leaf blight 
(1 to 5) 
3.22 
3.22 
3.15 
3.35 
2.67 
3.56 
2.85 
3.53 
3.23 
3.23 
-0.17+0.05 
0.12±0.05 
0.05±0.06 
-0.03±0.06 
BSIMS 
BSISR 
First generation 
com borer (1 to 9) 
2.16 
2.16 
2.51 
2.51 
2.42 
2.30 
2.26 
2.89 
2.24 
2.24 
0.05±0.09 
0.17±0.09 
-0.12±0.12 
0.05±0.12 
BSIMS 
BSISR 
Second generation 
com borer (visual; 
1 to 9) 
7.40 
7.40 
6.95 
7.55 
6.90 
7.15 
6.95 
7.10 
7.38 
7.38 
-0.19+0.08 
-0.08+0.08 
0.13±0.11 
-0.06±0.11 
BSIMS 
BSISR 
Second generation 
com borer (cavlqr; 
cm) 
12.60 
12.60 
15.08 
15.02 
12.21 
13.80 
12.91 
13.51 
13.50 
12.93 
0.20+0.23 
2.07±0.23 
-0.47±0.29 
-0.6510.29 
Trait 
First generation Second generation Second generation 
Checks Leaf blight com borer com borer (visual) com borer (cavity) 
Os420xl87-2 4.27 6.78 8.70 10.61 
B75xCI31A 2.18 2.41 — — 
BS9C3 — — 5.65 4.78 
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and checks. Most of the variation in cavity counts among populations was 
explained by quadratic regression (Table 35). The residual also was 
significant, indicating a possible cubic response. Selection for stalk-
rot resistance resulted in a quadratic Increase (b. =2.07, b = -0.65) 
X. q 
in second generation com borer cavity counts. Stalk-strength selection 
showed a similar, but nonsignificant, trend (Table 36). 
Phenotyplc Correlations Among Stalk Quality and Other 
Agronomic Traits of BSl Populations, Testcrosses, 
and Population Crosses 
Phenotyplc correlations for stalk quality and agronomic traits 
measured in Experiments 23 and 25 at Ames for two years are presented 
in Table 37. Phenotyplc correlations among all artificial measures of 
stalk quality were highly significant with values of r >_ 0.80. 
Field stalk lodging was highly significantly correlated with stalk 
strength (r = -0.73), stalk strength/area (r = -0.75), stalk-rot rating 
(r = 0.82), and rind strength (r = -0.86). The correlations of field 
stalk rot with stalk strength, stalk strength/area, stalk-rot rating, 
and rind strength were -0.78, -0.76, 0.85, and -0.89, respectively. 
The two field stalk quality traits were highly significantly correlated 
(r = -0.94). Root lodging was unfavorably correlated with all the arti­
ficial stalk quality traits. These correlations, however, were lower 
than those of field stalk quality with artificial stalk quality. 
The magnitudes of the correlations between selection traits and 
field stalk quality indicate that substantial progress toward field 
standabllity could be made by either method of selection. Although rind 
Table 37. Phenocyplc cocrelacioos for stalk quality traits and other agroaoiBic traits o£ BSl populations* testcrosses» and population crosses 
evaluated tor tvo years (Ames, 1980 and 1981f 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
1. Stalk strength 0.82 
-0. 82 0. .86 -0 .73 -0 .78 -0.21 -0.69 -0.29 -0.72 -0.83 -0.67 -0.54 -0.21 0.31 0.58 0.62 0.28 0.44 0.55 0.31 0.41 0.70 -0.36 
2. Stalk strength/area 
-0. 92 0. 91 4), .75 -0. ,76 -0-66 -0.78 -0.28 -0.87 -0.82 -0.66 -0,64 -0.26 0.41 0.30 0.30 0.06 -0.14 -O.Ol -0.18 -0.03 0.46 -0.59 
3. Stalk roc rating 
-0. 93 0. 82 0 .85 . 0,62 0.80 0.13 0.89 0.85 0.73 0.61 0.25 -0.39 -0.47 -0.45 -0.07 -0.01 -0.11 0.13 -0.08 -0.53 0.62 
4. Rind strength -0. 86 -0. 89 -0.67 -0.73 -0.04 -0.85 -0.82 -0.75 -0.52 -0.06 0.35 0.56 0.51 0.00 0.07 0.17 -0.01 0.24 0.65 -0.62 
5. Stalk I.jging 0. 94 0.38 0,52 -0.07 0.65 0.76 0.64 0.33 0.00 -0.59 -0.66 -0.55 0.18 -0.14 -0.19 -0.16 -0.38 -0.67 0.48 
ti. Field stalk rot 0-52 0.69 -0.10 0.77 0.80 0.79 0.46 0.16 -0.34 -0.75 -0.66 0.10 -0.18 -0.20 -0.08 -0.42 -0.78 0.66 
7. Root lodging 0.61 -0.11 0.70 0.53 0.49 0.41 0.19 0.10 -0.23 -0.18 0.10 0.12 0.00 0.28 0.00 -0.28 0.52 
a. Yield 0,34 0.94. 0.78 0.86 0.81 0.44 -0-01 ^ .32 -0.35 -0.17 0.03 -0.05 0.30 0.00 -0.42 0.67 
9. Ears per plant 0.18 0.33 0.10 0.42 0.38 -0.33 0.41 0.26 -0.34 -0.04 -0.18 -0.06 0.29 0.19 -0.23 
10. Ear diameter 0.83 0.85 0.81 0.33 -0.14 -0.36 -0.35 -0.08 0.10 0.03 0.32 -O.Ol -0.47 0.74 
11. Kernel rows 0.67 0. 71 0.26 -0.47 -0.37 -0.36 -0.07 -0.14 -0.29 -0.04 -0.12 -0.49 0.42 
12. Ear length 0.64 0.25 0.03 -0.61 -0.60 -0.15 -0.15 -0.16 0.13 -0.31 -0.64 0.71 
13- Kernel depth 0.54 -0.08 -0.14 -0.22 -0.29 0.07 0.02 0.29 0.04 -0.30 0.54 
14. Shelling percentage -0.02 -0.04 -0.14 -0.32 0.09 0.08 0.23 0.08 -0.14 0.33 
15. Kernel weight -0.03 -0.09 -0.20 -0.09 0.04 0.18 -0.09 0.08 0.10 
16. Anthesis 0.94 0.09 0.57 0.47 0.41 0.83 0.88 -0.44 
17. Silking 0.41 0.65 0.54 0.38 0.75 0.84 -0.43 
18. Anthesis-to-silking 0.38 0.33 0.01 -0.02 O.ll -0.08 
19. Major stalk diameter 0.93 0.79 0.76 0.52 0.25 
20. Minor stalk diameter 0.82 0.66 0.42 0.37 
21. Plant height 0.76 0.42 0,54 
22. Ear height 0.75 0.01 
23. Xntemode number -0.54 
24. Zatemode length 
^r>p.46 and r>0.3S are significant at p^O.OS and p"0.01, respectively. 
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strength was not a primary selection criterion, it gave the highest 
correlations with both stalk lodging and field stalk rot. 
Jenkins and Gaessler (1934) suggested that stalk diameter should be 
considered when selecting for stalk strength. Even though stalk strength 
was correlated with stalk diameter, stalk strength/area, which included 
stalk diameters, was not better than stalk strength for predicting field 
stalk rot or stalk lodging. Correlation data indicated that intemode 
number and length were more important than stalk diameter for determining 
field stalk quality. Number of intemodes was negatively associated with 
stalk lodging (r = -0.67) and field stalk rot (r = -0.78). 
Yield and all yield components except ears per plant, shelling 
percentage, kernel weight, and kernel depth had highly significant nega­
tive associations with improved stalk quality. From these data it seems 
that decreased ear diameter, kernel rows, and ear length caused most of 
the yield reduction when stalk quality was improved. Ear diameter had 
a correlation of r » 0.94 with yield. Kernel weight had favorable, but 
nonsignificant, correlations with improved stalk quality. These correla­
tions were low because yield decreased even though kernel weight in­
creased with improved stalk quality. 
Anthesis and silking dates generally were positively correlated with 
other plant traits and improved stalk quality. The highest correlations 
of silking and anthesis were with plant and ear height. Plant and ear 
height, however, were not significantly correlated with stalk quality. 
Anthesis-to-silking interval was not significantly correlated with 
any other trait. This was not expected because increased anthesis-to-
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silking interval Is generally associated with fewer ears per plant 
(increased barreness) and lower yields (Smith et al., 1982). 
Evaluation of 100 S]^ Lines from BSICO, 
BS1MSC3, and BS1SRC3 
The analyses of variance for stalk quality and maturity traits of 
100 lines from BSlCO, BSlMSCS, and BS1SRC3 evaluated for two years 
are presented in Table 38. Highly significant differences were observed 
among entries for all traits. There also were highly significant dif­
ferences for all traits among lines within each of the three popula­
tions . Significant or highly significant entries x years interactions 
were observed for all traits. The magnitudes of the interaction vari­
ances, however* generally were much smaller than for their respective 
main effects. 
The orthogonal comparison of CO va (HSC3 + SRC3) was highly signifi­
cant for all traits, indicating that three cycles of selection for stalk 
strength and stalk-rot resistance effectively changed the means for 
selected and unselected traits. The comparison of HSC3 ^  SRC3 was 
highly significant for all traits except rind strength. Three cycles 
of stalk-strength selection changed the mean stalk strength value from 
37.99 kg In the CO to 59.96 kg in the C3 (Table 39). S talk-strength 
selection also significantly increased the variance from 42.50 to 73.86 
(Table 39). The variance is probably over-estimated because Figure 9 
shows a skewed frequency distribution for lines from the MSC3 popula­
tion. Three cycles of selection for stalk-rot resistance improved 
stalk strength to 49.00 kg without significantly changing the variance. 
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Table 38. Analyses of variance for stalk quality and maturity traits 
of 300 random S. lines evaluated for two years (Ames, 1980 
and 1981) 
Mean squares 
Stalk Stalk Rind 
Source d.f. strength rot strength 
Year (Y) 1 34572. 12 11. 54 76. 34 
Set (S) 4 1771. 35 3. 17 30. 67 
Y X S 4 502. 76 1. 64 41. 69 
Replications/(Y x S) 20 132. 66 0. 37 8. ,04 
Entrles/S 295 872. 63** 5. 39** 5. ,22** 
CO/S 95 295. 99** 2. 76** 3. ,52** 
MSC3/S 95 523. 30** 1. 36** 3. ,97** 
SBC3/S 95 351. ,28** 1. ,07** 3, .75** 
CO vs (MSC3+SRC3)/S 5 21806. 90** 216. 35** 93, .68** 
(MSC3 va SRC3)/S 5 7614. 36** 3. 03** 0. 96 
Y X Entrles/S 295 59. ,76** 0. ,35** 1 .04* 
Y X CO/S 95 41. ,02 0. 58** 1 .80** 
Y X MSC3/S 95 80. ,17** 0. 26 0 .64 
Y X SRC3/S 95 58. 89** 0. ,21 0 .62 
Y X [CO (MSC3+SRC3) ]/S 5 26. 69 0. 28 2 .30* 
Y X (MSC3 vs SRC3)/S 5 77. 82 0, .25 9 .94 
Error 1180 39, .93 0. 26 0 ,96 
Total 1799 
C.V. (%) 12, .9 23 .9 19 .0 
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Table 38. Continued 
Mean squares 
Source d.f. Ânthesls Silking. 
Ânthesis-
to-silklng 
Year (Y) 1 12397. 86 12392.63 0.00 
Set (S) 4 181. 03 515.63 109.14 
Y X S 4 59. 89 27.68 9.57 
Replications/Y x S 20 16. 09 17.44 4.53 
Entries/S 295 46. 85** 79.18** 25.86** 
CO/S 95 52. 26** 68.07** 21.92** 
MSC3/S 95 31. 81** 66.15** 29.80** 
SRC3/S 95 35. ,28** 57.71** 20.41** 
CO vs (MSC3+SRC3)/S 5 16. 38** 32.41** 52.09** 
MSC3 vs SRC3/S 5 479. 72** 992.51** 103.46** 
Y X Entrles/S 295 5. ,28** 8.88** 6.70** 
Y X CO/S 95 5. ,55** 11.86** 8.55** 
Y X MSC3/S 95 5. ,64** 9.38** 8.51** 
Y X SRC3/S 95 4. ,42** 5.38 3.22 
Y X [CO vs (MSC3+SRC3)]/S 5 5. 08 10.06 6.26 
Y X (MSC3) ^  (SSC3)/S 5 9. ,68** 8.30 3.72 
Error 1180 2 .97 6.00 4.57 
Total 1799 
C.V. (%) 8 .1 9.9 59.7 
Table 39. Means and genotyplc variance conqionents for stalk quality and maturity traits from 100 
lines of BSICO, BS1MSC3, and BS1SRC3, evaluated for two years (Ames, 1980 and 1981) 
Trait® 
Stalk strength Stalk rot Rind strength Anthesls-
Entries (kg) (0.5 to 6) (kg) Anthesis Silking to-silking 
BSICO 37.99 3.33 4.43 21.21 24.38 3.17 
(1-100) 42.50±(7.15)A 0.36±(0.070)A 0.29±(0.094)A 7.78±(1.26)A 9.37±(1.65)A 2.23±(0.56)A 
BS1MSC3 59.96 1.77 5.51 22.44 26.86 4.15 
(101-200) 73.86±(12.66)B 0.18±(0.047)B 0.56±(0.096)B 4.36±(0.77)B 9.46±(1.60)A 3.55±(0.74)B 
BS1SRC3 49.00 1.60 5.44 19.70 22.86 3.16 
(201-300) 48.73±(8.52)A 0.14±(0.026)B 0.52±(0.091)B 5.14±(0.85)B 8.72±(1.39)A 2.86±(0.49)A 
^Variance conqionents with different letter designations are significantly different at p=.05 in 
this and all subsequent tables. 
Figure 9. Frequency distributions for stalk strength of 100 8% lines from BSICO« BS1MSC3, and BS1SRC3, 
combined over two years (arrows identify the population means; class interval^^standard 
error of the difference between two means»4.5 kg) 
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Stalk strength values for lines in BS1SRC3 also seem to be normally 
distributed. 
Both methods of selection significantly decreased the mean stalk 
rot values of Sj^ lines, but they also reduced the variances (Table 39 
and Figure 10). This suggests that for the CO population the average 
frequency of favorable alleles for stalk-rot resistance was probably 
higher than for stalk strength. 
Both methods of selection also improved the population mean for 
rind strength (Table 39). Rind strength was increased from 4.43 kg in 
the CO to 5.51 and 5.44 kg in BS1MSC3 and BS1SRC3, respectively. The 
variance of rind strength values was essentially doubled in both C3 
populations. The frequency distribution of rind strength values in the 
CO population was skewed on the low end, while both C3 populations showed 
an increased range and normally distributed line means. Thus, con­
siderable progress can still be made for rind strength in both populations. 
This suggests that the CO population contained a low frequency of 
favorable alleles for rind strength and that the mean allelic frequency 
is at an intermediate level in the C3 populations. 
Days to anthesis and silking were increased by stalk-strength 
selection and decreased by selection for stalk-rot resistance (Table 39). 
The change in both C3 populations was approximately one day for anthesis 
and two days for silking. Because silking was delayed one day more than 
anthesis in BS1MSC3, anthesis-to-silking interval also was increased by 
one day. No change was observed for mean anthesis to silking interval 
in the BS1SRC3 population. Both selection for stalk strength and 
Figure 10. Frequency distributions for stalk-rot ratings of 100 Sj lines from BSlCO, BS1MSC3, BS1SRC3, 
combined over two years (arrows identify the population means; class interval=8tandard 
error of the difference between two means=0.4) 
MSC3 ' I SRC3 ' POPULATION 
} 
Figure 11. Frequency distribution for rind strength of 100 lines from BSICO* BS1MSC3, and BS1SRC3, 
combined over two years (arrows Identify the population means; class lnterval=standard 
error of the difference between two means = 0.3 kg) 
vs\ CR ta RIND STRENGTH 
'.e 6.4 9 c MIDPOINTS (kg) 
' POPULATION 
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stalk-rot resistance reduced the variance for anthesis, while no change 
was observed in the variance for days to silking. The variance for 
anthesls-to-sllking interval was significantly increased by s talk-strength 
selection. Stalk-rot selection showed a small, but nonsignificant, 
increase in the variance for this trait (Table 39). 
The herltablllty values for stalk quality and maturity traits are 
presented in Table 40. Although BS1MSC3 and BSlSRCS differed In vari­
ability for stalk strength, the herltablllty estimates were essentially 
the same. There was close agreement of herltablllty estimates for stalk 
strength and stalk-rot ratings of lines from the CO and two C3 
populations. All estimates were equal to or greater than 0.80 (Table 40). 
The heritabillties of rind strength were considerably higher for the two 
2 2 C3 populations (h = 0.84) than for the CO populations (h = 0.49). These 
higher herltablllty values for rind strength might be expected because 
both C3 populations showed significantly more variability for rind 
strength than did the CO population. 
The heritabillties for days to anthesis and silking combined over 
two years were significant and above 0.80 for all populations. Anthesls-
to-sllking Interval heritabillties ranged from 0.61 in BSlCO to 0.74 in 
the BS1SRC3 population (Table 40). When heritabillties were computed 
over all populations, stalk strength and stalk-rot rating had the highest 
values of all stalk quality and maturity traits (Table 41). In spite of 
the progress made for the two selected traits, the data indicate that 
limited progress for all traits is still possible. 
Phenotypic and genotyplc correlations were calculated for each pair 
of traits on 100 lines from each population and for 300 lines from 
Table 40. Herltablllty estimates for stalk quality and maturity traits based on means of 100 S. 
lines from BSlCO, BS1MSC3, and BS1SRC3 grown at Ames In 1980 and 1981 
Population Year 
Stalk 
strength 
Stalk 
rot 
Trait 
Rind 
strength Anthesls Silking 
Anthesls-
to-sllklng 
BSlCO 
BS1MSC3 
BS1SRC3 
Combined 
1980 
1981 
Combined 
1980 
1981 
Combined 
1980 
1981 
0.86±(0.14) 
0.74±(0.14) 
0.79±(0.14) 
0.85±(0.14) 
0.86±(0.14) 
0.87±(0.14) 
0.83±(0.15) 
0.80±(0.14) 
0.80+(0.14) 
0.80±(0.16) 
0.80+(0.20) 
0.85+(0.14) 
0.82+(0.21) 
0.68±(0.15) 
0.61+(0.14) 
0.82+(0.15) 
0.60±(0.14) 
0.50±(0.14) 
0.49±(0.16) 
0.57±(0.14) 
0.66±(0.14) 
0.84±(0.14) 
0.78±(0.14) 
0.41+(0.15) 
0.84±(0.15) 
0.81±(0.14) 
0.21±(0.15) 
0.89±(0.14) 
0.88±(0.14) 
0.91±(0.14) 
0.82±(0.15) 
0.78+(0.14) 
0.91±(0.14) 
0.87+(0.14) 
0.84±(0.14) 
0.86+(0.14) 
0.83±(0.15) 
0.82±(0.14) 
0.89±(0.14) 
0.86±(0.14) 
0.79±(0.14) 
0.90±(0.14) 
0.91±(0.14) 
0.75±(0.14) 
0.88±(0.14) 
0.61±(0.15) 
0.73±(0.14) 
0.63±(0.14) 
0.71±(0.15) 
0.68±(0.14) 
0.84±(0.14) 
0.74±(0.13) 
0.56±(0.15) 
0.69±(0.14) 
Table 41. Genotyplc variance components and entry mean herltablllty estimates for stalk quality and 
maturity traits of 300 lines grown at Ames for two years (1980, 1981) 
Trait 
Param­ Stalk Stalk Rind Anthesls-
Year eter strength rot strength Anthesis Silking to-sllklng 
Combined 4 135.98+(12.00) 0.84±(0.07) 0.70±(0.07) 6.93±(0.64) 11.72±(1.09) 3.191(0.36) 
h 0.93+(0.08) 0.93±(0.08) 0.80±(0.08) 0.89±(0.08) 0.89±(0.08) 0.741(0.08) 
1980 4 143.85±(13.01) 0.90±(0.08) 0.77±(0.08) 6.591(0.63) 12.641(1.27) 4.311(0.53) 
h 0.914(0.08) 0.901(0.08) 0.83±(0.08) 0.86±(0.08) 0.821(0.08) 0.681(0.08) 
1981 4 141.33+(12.61) 0.82+(0.08) 0.68±(0.10) 8.8I±(0.08) 12.721(1.14) 3.501(0.38) 
h 0.92+(0.08) 0.90±(0.08) 0.59±(0.08) 0.91+(0.08) 0.911(0.08) 0.751(0.08) 
150 
all populations (Tables 42 to 45). Genotypic correlations were generally 
higher than the phenotypic correlations, but, because the relative magni­
tudes of these correlations in each group were similar, only phenotypic 
correlations will be discussed. 
All stalk quality traits were significantly correlated in the CO 
population (Table 42). Stalk strength was highly significantly correlated 
with stalk rot (r = -0.62) and rind strength (r = 0.40), while the cor­
relation of stalk rot with rind strength (r = -0.25) was significant only 
at p = 0.05 (Table 42). Stalk strength was correlated with anthesis 
(r = 0.35), and stalk-rot rating was associated with silking (r = -0.22). 
A positive correlation between rind strength and silking indicates that 
later S^ lines tend to have greater rind strength. Similarly, later lines 
seem to have greater anthesis-to-sllklng intervals. 
The correlations of rind strength with stalk strength (r = 0.68) 
and stalk rot (r = -0.60) were higher in the BS1MSC3 population than 
in the CO (Table 43). Stalk strength and stalk rot (r = -0.53) showed 
less association in the BS1MSC3 than in the CO population. The trends 
toward higher correlations between stalk quality traits also were ob­
served in the BS1SRC3 population (Table 44). Correlations of stalk 
quality traits with maturity traits tended to increase in both selected 
populations compared with the CO population. If selection fixed alleles 
common to any pair of traits, one would expect the correlations to 
increase. This Is exemplified by both the phenotypic and genotypic 
correlations for stalk quality traits in the selected populations 
(Tables 42 to 44). 
Table 42. Phenotypic (above diagonal) and genotypic (below diagonal) correlations for stalk quality 
and maturity traits of 100 S, lines from BSICO evaluated for two years (Ames, 1980 and 
1981) a 1 
Trait 
Stalk 
strength 
Stalk 
rot 
Rind 
strength Anthesis Silking 
Anthesis-
to-silking 
Stalk strength 
Stalk rot 
Rind strength 
Anthesis 
Silking 
Anthesis-to-silking 
-0.72 
0.54 
0.39 
0.47 
0.23 
—0.62 
—0.46 
-0.23 
-0.26 
-0.10 
0.40 
-0.25 
-0.03 
0.71 
1.50 
0.35 
-0.19 
-0.04 
0.87 
-0.08 
0.04 
-0.22 
0.27 
0.82 
0.42 
0.17 
-0.09 
0.53 
-0.09 
0.49 
Phenotypic correlations >0.20 and ^0.27 are significant at p=.05 and 
this and all subsequent tables for lines from individual populations. 
p=.01, respectively, in 
Table 43. Phenotypic (above diagonal) and genotypic (below diagonal) correlations for stalk quality 
and maturity traits of 100 S, lines from BS1MSC3 evaluated for two years (Ames, 1980 and 
1981) 
Trait 
Stalk 
strength 
Stalk 
rot 
Rind 
strength Anthesis Silking 
Anthesis-
to-silking 
Stalk strength 
Stalk rot 
Rind strength 
Anthesis 
Silking 
Anthes is-to-silklng 
-0.61 
0.74 
0.53 
0.52 
0.26 
-0.53 
-0.75 
-0.11 
-0.08 
—0.02 
0.68 
-0.60 
0.25 
0.22 
0.07 
0.41 
-0.10 
0.21 
0.80 
0.20 
0.44 
—0.06 
0.20 
0.74 
0.75 
0.23 
0.01 
0.09 
0.07 
0.72 
Table 44. Phenotyplc (above diagonal) and genotyplc (below diagonal) correlations for stalk quality 
and maturity traits of 100 S, lines from BS1SRC3 evaluated for two years (Ames, 1980 and 
1981) ^ 
Stalk Stalk Rind Anthesls-
Trait strength rot strength Anthesls Silking to-sllking 
Stalk strength -0.50 0.65 0.41 0.52 0.34 
Stalk rot -0.60 —0.48 -0.25 -0.30 -0.18 
Rind strength 0.73 -0.56 0.29 0.34 0.19 
Anthesls 0.53 -0.29 0.37 0.80 0.04 
Silking 0.49 -0.35 0.41 0.82 0.62 
Anthesls-to-silking 0.39 -0.22 0.23 0.09 0.64 
Table 45. Phenotyplc (above diagonal) and genotyplc (below diagonal) correlations for stalk quality 
and maturity traits of 100 lines from BSICO and each of the cycle three populations 
evaluated for two years (Ames, 1980 and 1981) 
Stalk Stalk Rind Anthesls-
Trait strength rot strength Anthesls Silking to-sllking 
Stalk strength -0.71 0.67 0.36 0.48 0.34 
Stalk rot -0.75 -0.63 -0.04 -0.11 -0.14 
Rind strength 0.76 -0.73 0.11 0.25 0.28 
Anthesls 0.41 -0.04 0.14 0.82 0.09 
Silking 0.53 0.12 0.35 0.86 0.64 
Anthesls-to-sllking 0.40 -0.18 0.46 0.17 0.65 
fhenotyplc correlations ^0.11 and X).15 are significant at p=.05 and p=.01, respectively. 
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When correlations were calculated on lines from all populations, 
the association of stalk strength with stalk rot and rind strength and 
stalk rot with rind strength were -0.71, 0.67, and -0.63, respectively. 
These correlations are slightly higher than those for Individual popula­
tions. Because they included three times as many observations as the 
individual populations, they probably are the best estimates. 
Evaluation of Allelic Frequency Changes for 
Correlated Responses to Selection 
A modified population diallel analysis utilizing the Hammond and 
Gardner (1974) model was used to evaluate changes In yield, yield coiiq>o-
nents, and maturity and plant traits that occurred during three cycles of 
selection for stalk strength and stalk-rot resistance. In this model, DO 
estimates the effect of heterozygosity and dominance in the original popu­
lation; AL(Apa) and DL[Ap(l-2p)d] estimate the effect of the change in 
frequency of the homozygotes and heterozygotes due to selection on the 
mean; and DQ[(Ap) d] and HO(ApAp*d) estimate the effects of the change in 
frequencies of heterozygotes due to selection and/or drift (Inbreeding) 
on the mean. 
The analyses of variance for yield and yield components showed highly 
significant differences among entries for all traits except ears per plant, 
which was significant at p - 0.05 (Table 46). The entries x locations 
interaction was significant for kernel depth, and the DO x locations and 
DL X locations interactions accounted for most of the variability. 
Significant DO x locations and DQ x locations interactions explained most 
of the Interaction variance for shelling percentage. 
Table 46. Modified population diallel analyses for yield and yield conço-
nents of BSl populations evaluated in Experiment 30 (Ames and 
Ankeny, 1981) 
Ears per Ear 
Source d.f. Yield plant diameter 
LOC 1 1643.45 65.68 2.63 
Rep (LOC) 8 38.88 3.56 4.36 
Entries 10 1834.00** 4.68* 43.51** 
DO 1 13722.78** 0.09 281.42** 
AL 2 2146.89** 17.06** 73.92** 
Ave (AL) 1 3838.34** 30.35** 95.56** 
Bet b's 1 455.44** 3.77 52.28** 
DL 2 9.60 1.32 1.25 
Ave (DL) 1 18.98 0.60 1.95 
Bet b's 1 0.22 2.04 0.55 
DQ 2 84.59 1.87 0.75 
Ave (DQ) 1 157.60 3.11 1.01 
Bet b's 1 11.58 0.63 0.49 
HO 1 80.13 0.01 1.40 
Residual 2 27.22 3.10 0.22 
Entries x LOC 10 68.28 0.64 1.41 
DO X LOC 1 215.65 0.17 0.06 
AL X LOC 2 54.75 0.01 0.99 
Ave (AL) X LOC 1 57.34 0.00 0.37 
Bet b's X LOC 1 52.16 0.02 1.61 
DL X LOC 2 21.08 0.19 4.21 
Ave (DL) X LOC 1 24.07 0.36 8.40 
Bet b's X LOC 1 18.09 0.02 0.02 
DQ X LOC 2 111.72 0.50 0.62 
Ave (DQ) X LOC 1 214-18 0.01 0.03 
Bet b's X LOC 1 9.26 0.99 1.21 
HO X LOC 1 39.66 0.58 0.26 
Residual x LOC 2 26.18 2.12 1.64 
Error 80 66.71 2.09 2.25 
Total 109 
C.V. % 18.2 13.5 3.4 
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Mean squares 
Kernel Ear Kernel Shelling Kernel 
rows length depth percentage weight 
0.00 20.42 0.00 5.68 332.84 
1.18 1.41 0.40 4.05 14.08 
3.96** 20.55** 4.68** 26.29** 396.48** 
3.91* 162.38** 33.43** 160.00** 1765.05** 
16.19** 16.09** 3.29* 31.83** 847.34** 
30.82** 31.78** 6.44* 63.29** 1402.32** 
1.56 0.40 0.14 0.37 292.36* 
0.38 3.63 1.20 7.17 102.97 
0.08 0.72 0.77 3.06 59.21 
0.68 6.54* 1.63 11.28 146.73 
0.29 1.42 0.14 3.52 39.16 
0.47 2.09 0.18 2.75 77.94 
0.11 0.75 0.10 4.29 0.38 
1.67 0.03 0.54 0.76 162.00 
0.15 0.40 1.78 8.56 29.40 
0.54 1.25 0.77* 8.61 25.63 
0.55 1.35 1.69* 28.41* 3.78 
0.73 0.81 0.17 4.46 14.14 
1.06 1.53 0.22 6.50 27.62 
0.40 0.09 0.12 2.42 0.66 
0.04 1.16 1.98** 1.70 10.89 
0.08 0.51 3.13** 2.21 14.88 
0.00 1.81 0.83 1.19 6.90 
0.54 0.72 0.66 18.12* 20.48 
0.03 0.42 1.26 33.11* 36.00 
1.05 1.00 0.06 3.13 4.96 
0.54 1.52 0.01 0.42 33.22 
0.86 2.12 0.18 4.36 64.34 
0.78 1.24 0.39 5.40 45.54 
5.9 6.3 7.4 2.8 7.1 
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Most of the total among entries sums of squares for yield and yield 
components was explained by DO and AL effects. The difference between 
the DL terms, however, was significant at p = 0.05 for ear. length. 
Subdivision of the sums of squares for AL showed significant average 
AL for ear length, kernel depth, ears per plant, kernel rows, and shel­
ling percentage. Both the average AL and between b's components were 
significant for yield, ear diameter, and kernel weight (Table 46). 
Because the DO and AL terms generally explained most of the sums of 
squares for entries, better estimates of the regression coefficients 
were obtained by recomputing the models with only these two components 
included (Table 47). Other regression coefficients in Table 47 were 
obtained from the complete model. The regression coefficients from the 
complete model generally showed the same response as the sums of squares. 
Significant, positive heterosis (HO) terms, however, were obtained for 
ear diameter, ear length, and yield, indicating a significant advantage 
of the C3 population cross over its midparent values for these traits. 
The average change in gene frequency (AL^ and AL^) was negative for all 
traits except kernel weight, which showed a significant, positive change 
in gene frequency for both methods of selection. As might be expected 
from the change in the mean, the reduction in frequency of favorable 
alleles for yield was greater for stalk-rot selection (ALg = -2.72) than 
for stalk-strength selection (ALj^ = -1.66). 
The intercept of heterozygous contributions was significant for 
all traits except ears per plant. Heterozygous effects accounted for 
nearly half the yield of the CO population (DO = 23.88, M + AO = 29.29). 
Table 47. Regression coefficients and means for yield and yield compon­
ents of BSl populations evaluated in Experiment 30 (Ames and 
Ankeny, 1981) 
Regression Yield Ears per Ear diameter Kernel 
coefficients (q/ha) plant* (mm) rows 
Intercept 29.29 11.25 39.10 14.64 
DO 23.g8±(0.26) 0.05±(0.46) 3.85±(0.47) 0.55+(0.28) 
A1 b -1.66±(0.35) -0.15±(0.10) -0.17±(0.10) -0.17±(0.04) 
V -2.72±(0.35) -0.24±(0.10) -0.53±(0.10) -0.23±(0.04) 
0.44±(1.69) 0.24±(0.30) -0.40±(0.31) -0.04±(0.18) 
DL, 0.69±(1.69) -0.12±(0.30 -0.18±(0.31) -0.17+(0.18) 
DQl -0.36±(0.34) 0.01±(0.06) 0.03±(0.06) 0.05±(0.04) 
DQ, -0.55±(0.34) 0.06±(0.06) -0.01±(0.06) 0.03±(0.04) 
HO 1.03+(0.34) 0.011(0.05) 0.25±(0.05) 0.07±(0.04) 
Means 
CO 77.0 11.4 45.8 15.7 
MSC3 66.1 10.9 44.3 14.9 
SRC3 58.9 10.1 42.2 14.2 
COfil 53.2 11.3 43.0 15.2 
MSC3e 44.1 10.0 41.4 14.0 
SRC 30 37.9 9.9 39.0 13.9 
C0xMSC3 74.8 11.0 44.8 14.8 
C0XSRC3 72.9 10.2 44.1 14.7 
MSC3xSRC3 65.4 9.9 43.8 14.6 
degression coefficients, standards errors, and means are multiplied 
by 10. 
^Regression coefficients were calculated from a model containing only 
DO, AL^, and AL^ in this and all subsequent tables. 
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Trait 
Ear length Kernel depth Shelling percentage Kernel weight 
(cm) (mm) (%) (g) 
13.82 7.10 80.00 75.72 
2.76±(0.35) 0.94±(0.20) 2.22±(0.73) 8.07±(2.13) 
-0.18±(0.05) -0.08±(0.03) -0.30±(0.10) 0.90±(0.29) 
-0.22±(0.05) -0.10±(0.03) -0.27+(0.10) 1.75±(0.29) 
-0.32±(0.23) 0.04±(0.18) 0.06±(0.48) -0.81±(1.40) 
0.11±(0.23) 0.33±(0.18) 0.53±(0.48) 1.55±(1.40) 
-0.05±(0.04) 0.00±(0.04) -0.05±(0.10) -0.49±(0.88) 
0.00±(0.04) -0.02±(0.04) 0.07+(0.10) -0.45±(0.88) 
0.16+(0.04) 0.02+(0.04) 0.10±(0.10) 0.03+(0.88) 
19.3 9.0 84.4 91.9 
17.5 8.6 82.6 94.3 
18.2 8.8 84.1 102.7 
16.6 8.0 82.2 83.8 
16.1 7.6 80.6 93.0 
15.1 7.0 79.6 94.1 
18.8 8.8 83.9 97.4 
18.7 9.1 83.6 101.4 
18.4 8.4 82.6 99.4 
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All of the DO terms for yield and yield components were positive, indi­
cating dominance for higher yield (Table 47). 
Analyses of variance for maturity and plant traits showed signifi­
cant differences among entries for all traits except anthesis-to-silking 
(Table 48). This trait was not significant because the entries x loca­
tions interaction accounted for more variation than did the main effect 
of entries. Significant entries x locations interactions also were ob­
served for an thesis, number of intemodes, and length of internodes. 
Most of the interaction variance seems to be concentrated in the DO x 
locations components. 
Similar to the analyses for yield and yield components, the analyses 
for plant and maturity traits showed that most of the variation among 
entries was explained by the initial heterozygosity in the CO population 
and the weighted average change in gene frequency from selection for stalk-
rot resistance or stalk strength. However, in contrast to yield and yield 
components, all of the sums of squares due to change in gene frequency 
for plant and maturity traits was explained by the difference between 
methods (Table 48). The difference between the change in heterozygous 
contributions was significant for ear height. 
As would be expected from the analyses of variance, the Intercept 
for heterozygous contributions was significant for all traits (Table 49). 
The DO terms were positive for plant height, ear height, number of inter­
nodes, and length of intemode, indicating dominance for Increased plant 
stature. Anthesis, silking, and anthesis-to-silking interval had nega­
tive DO terms, which shows dominance for earlier maturity and a shorter 
anthesis-to-silking interval. 
Table 48. Modified population dlallel analyses for plant and maturity 
traits of BSl populations evaluated in Experiment 30 (Âmes and 
Ankeny, 1980) 
Source d.f. Anthesis Silking 
LOG 
Rep (LOG) 
Entries 
DO 
AL 
Ave (AL) 
Bet b's 
DL 
Ave (DL) 
Bet b's 
DQ 
Ave (DQ) 
Bet b's 
HO 
Residual 
Entries x LOG 
DO X LOG 
AL X LOG 
Ave (AL) X LOG 
Bet b's X LOG 
DL X LOG 
Ave (DL) X LOG 
Bet b's X LOG 
DQ X LOG 
Ave (DQ) X LOG 
Bet b's X LOG 
HO X LOG 
Residual x LOG 
Error 
Total 
1 
8 
10 
1 
2 
10 
1 
2 
) 
1 
2 
1 
2 
80 
109 
G.V. % 
278.41 
3.41 
27.67** 
164.13** 
48.60** 
1.87 
95.33** 
0.71 
0.06 
1.36 
4.24 
8.47 
0.01 
0.26 
2.60 
3.87* 
14.73** 
0.70 
1.40 
0.00 
0.84 
0.74 
0.94 
3.41 
6.46* 
0.36 
8.26 
2.90 
1.70 
7.6 
250.51 
3.46 
35.09** 
202.63** 
60.18** 
0.32 
120.04** 
2.35 
4.21 
0.49 
6.15 
12.29 
0.01 
1.83 
4.54 
5.43* 
7.30 
5.72 
1.16 
10.28* 
2.21 
3.36 
1.06 
1.98 
3.95 
0.01 
19.31** 
3.93 
2.30 
7.9 
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Mean squares 
Ânthesls- Plant Ear No. of Length of 
to-silklng height height intemodes intemodes 
0.74 1854.02 1119.37 149.41 419.10 
2.30 281.44 124.32 2.32 2.57 
1.11 2491.28** 1394.24** 3.12* 3.67* 
2.03 21027.75** 10257.23** 21.41** 31.25** 
1.03 1486.75** 1464.31** 3.86* 0.76 
0.63 283.84 125.70 2.10 0.52 
1.41 2689.66** 2802.92** 5.62* 1.00 
1.72 69.90 178.98 0.71 0.26 
3.23 51.75 2.40 0.42 0.18 
0.21 88.05 355.56* 1.00 0.34 
0.18 168.51 32.58 0.03 1.63 
0.35 337.02 61.28 0.06 3.20 
0.01 0.00 3.88 0.00 0.06 
0.71 140.40 68.32 0.10 0.06 
1.24 152.66 132.55 0.25 0.05 
2.82* 76.36 76.49 0.78* 1.07* 
1.29 202.99 150.53 4.94** 3.17* 
5.38* 122.41 70.98 0.54 0.64 
0.01 99.73 28.52 0.00 1.23 
10.75** 145.09 113.44 1.08 0.05 
0.47 42.28 89.58 0.17 0.94 
0.94 84.51 178.67 0.01 1.11 
0.00 0.05 0.49 0.33 0.77 
0.40 100.69 103.77 0.20 1.41 
0.31 7.06 9.02 0.32 0.60 
0.49 194.32 198.52 0.08 2.22** 
2.31 0.14 30.36 0.58 1.13 
6.05* 14.86 27.67 0.22 0.22 
1.16 92.47 69.38 0.35 0.51 
52.5 4.2 7.3 4.6 4.0 
Table 49. Regression coefficients and means for plant and maturity traits 
of BSl populations evaluated in Experiment 30 (Ames and Ankeny, 
1981) 
Regression Anthesls-to-
coefficient Anthesis Silking silking 
Intercept 21.30 24.40 3.10 
DO -2.50±(0.41) -3.25±(0.48) -0.75±(0.34) 
ALi 0.19±(0.06) 0.25+(0.07) 0.06+(0.05) 
AL2 -0.29±(0.06) -0.29±(0.07) 0.00+(0.05) 
DL, -0.10±(0.41) 0.27+(0.48) 0.37±(0.35) 1 
CNJ 0.13±(0.41) 0.42±(0.48) 0.28±(0.35) 
DQi 0.04±(0.08) 0.04+(0.10) -0.01+(0.07) 
DQ) 0.04±(0.08) 0.03±(0.10) -0.01+(0.07) 
HO -0.16±(0.08) -0.22±(0.10) -0.07±(0.07) 
Means 
CO 16.3 19.2 1.6 
MSC3 17.7 20.2 2.5 
SRC3 15.1 17.1 2.0 
COB 18.8 21.2 2.4 
MSC3a 20.1 22.3 2.2 
SRC38 16.8 18.8 2.0 
C0xMSC3 16.6 18.7 2.1 
C0XSRC3 15.3 17.2 1.9 
MSC3xSRC3 15.3 17.2 1.9 
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Trait 
Plant height Ear height No. of Length of 
(cm) (cm) intemodes intemodes (cm) 
172.70 82.28 10.91 16.13 
30.32±(3.04) 20.27±(2.63) 1.08±(0.19) 0.97±(0.22) 
1.86±(0.42) 0.92±(0.36) 0.11±(0.03) 0.00±(0.03) 
-0.69±(0.42) -1.71±(0.36) -0.01+(0.03) -0.05±(0.03) 
-2.63±(2.00) -2.39±(1.73) -0.23±(0.18) 0.13+(0.21) 
-0.75±(2.00) 1.58±(1.73) -0.03±(0.18) 0.03±(0.21) 
-0.09+(1.25) 0.10+(0.34) 0.01±(0.04) -0.02±(0.04) 
-0.09+(1.25) -0.01±(0.34) 0.01±(0.04) -0.04+(0.04) 
2.05±(1.25) 1.40+(0.34) 0.07±(0.04) 0.06±(0.04) 
233.3 122.8 13.1 18.1 
239.2 124.8 13.5 18.0 
226.2 113.7 13.0 17.5 
203.0 102.6 12.0 17.1 
217.6 110.8 13.0 16.9 
199.0 88.8 11.9 16.8 
237.1 122.9 13.2 18.3 
230.6 118.4 12.9 18.1 
241.0 123.4 13.2 18.5 
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The AL terms were significant for ear height, days to anthesis, and 
days to silking for populations from both methods of selection. These 
terms, however, were positive for stalk-strength selection and were nega­
tive for stalk-rot selection. Allelic frequency changes for plant height 
(ALj = 1.86) and number of Intemodes (ALj = 0.11) were significant for 
only stalk-strength selection. None of the components was significant 
for anthesis-to-silklng or Intemode length. 
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DISCUSSION 
Selection for field standabllity continues to be an important phase 
of most maize breeding programs. Because of variable environmental con­
ditions, reliable evaluations of field standabllity are not always 
possible. Mechanical stalk strength and stalk-rot ratings after arti­
ficial inoculatlonis with stalk-rotting pathogens are highly correlated 
with field stalk quality and are less affected by environmental fluctua­
tions (Zuber and Loesch, 1966a). Thus, these two traits have been pro­
posed as more reliable methods of selecting for stalk quality (Durrell, 
1923; Davis and Crane, 1976). Also, because stalk strength, stalk-rot 
resistance, and all the components of these two traits are controlled 
by mostly additive gene action, recurrent selection based on selfed 
progeny means has proved very effective for population iiq>rovement 
(Jinahyon and Russell, 1969a, 1969b; Devey, 1982). In addition to the 
improvements for field stalk quality, these techniques, unfortunately, 
often have resulted in many undesirable changes in other agronomic traits 
(Davis and Crane, 1976; Thonçson, 1972). 
This study was designed to evaluate progress from three cycles of 
Sj recurrent selection for stalk strength and Dlplodla stalk-rot resist­
ance in the same synthetic maize population (BSl). Concomitant changes 
in yield and other agronomic traits also were investigated. 
Three cycles of stalk-strength selection were highly effective for 
improving stalk strength, stalk strength/area, stalk-rot resistance, 
and rind strength. The response in all traits for stalk-strength 
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selection was linear. The C3 means, which were 56.5 kg, 8.3 kg/cm , 
1.8 and 4.2 kg for stalk strength, stalk strength/area, stalk-rot rating, 
and rind strength, respectively, compared favorably with the high stalk 
quality single-cross check (B14AxCl03). 
In comparison with stalk-strength selection, selection for stalk-rot 
resistance showed slightly greater gains in artificial stalk-rot rating 
and rind strength, significantly more stalk strength/area, but signifi­
cantly less total stalk strength. Similar to the stalk-strength popula­
tions, all responses from stalk-rot selection also were linear, except 
artificial stalk-rot rating, which showed a quadratic response (bj^ = -1.20; 
bq = 0.17). 
The difference in stalk strength/area between the two methods can 
be explained partially by contrasting responses in stalk diameters between 
the two methods. Stalk-strength selection showed increased major and 
minor stalk diameters, whereas stalk-rot selection showed significant 
reductions in both. Furthermore, Kalman et al. (1975) have noted that 
round stalks tend to be stronger than those with more of an ellipse cross 
section. When the differences between major and minor stalk diameters 
were calculated, it was noted that stalks from the stalk-rot populations 
tended to have less difference between major and minor stalk diameters 
than did those from the stalk-strength populations. Thus, it seems that 
the relative magnitude of the minor diameter in comparison with the major 
diameter is as important as the absolute size of the stalk. Although 
they were small, simple correlations on populations, testcrosses, and 
population crosses showed that minor diameter was more important than 
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major diameter in conferring stalk quality (Table 37). Pickett et al. 
(1969) came to similar conclusions. 
Data on population crosses and testcrosses generally followed the 
same patterns as did their respective cycle populations. These data 
also showed strong evidence that stalk quality is controlled by mostly 
additive gene action. Testcrosses, however, showed a tendency to have 
more stalk rot than would be predicted from the midparent values. 
Probably this indicates dominant alleles for susceptibility in Os420xl87-2. 
The most important point about the testcrosses was that the tester con­
sistently reduced the variance among cycle-population means. But, because 
the value of any maize line is determined by its performance in hybrid 
combination, the testcrosses give valuable information on the populations. 
Russell (1961) evaluated 35 inbred lines per se and with several testers 
and found that a double cross with intermediate stalk quality gave the 
best differentiation among the lines. It is not possible from these data, 
however, to predict whether a tester with more intermediate stalk quality 
would have given better differentiation among the cycle populations than 
did 08420x187-2. 
Results from evaluations of 100 random lines from the CO and two 
C3 populations showed similar results as did the populations per se. 
line means for stalk strength, stalk-rot resistance, and rind strength 
were significantly higher for lnq>roved populations than for BSICO. The 
mean stalk and rind strength of lines from the CO and two C3 popula­
tions were slightly higher than those for the populations. The greater 
stalk and rind strength of lines might be explained because these 
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measurements were taken seven to ten days after measurements were made 
on populations, and there is evidence that stalk and rind strength of 
some genotypes increases after pollination. Martin (1981) found that 
stalk strength of a lodging-resistant single cross (Bl4AxC103) was 2 kg 
greater at nine weeks after pollination than it was at five weeks after 
pollination. In the same experiments, a susceptible hybrid (Os420xl87-2) 
showed a 7 kg decrease in stalk strength. Pickett et al. (1969) also 
have shown an increase in rind strength after anthesis. 
Stalk-rot resistance is related to plant vigor, and one would expect 
that lines, which are 50 percent inbred, would have less stalk-rot 
resistance than the populations. Mean stalk-rot ratings of the lines, 
however, were equal to their respective population means. The most 
plausible explanation for this response in stalk-rot rating is that there 
were some recessive alleles for stalk-rot resistance, and upon Inbreeding 
the accumulation of recessive homozygotes for resistance counteracted 
the effects of reduced vigor. 
Both methods of selection showed significant reductions in the 
genetic variance among lines for stalk-rot ratings. The quadratic 
response in stalk-rot rating observed for the BSlSR populations probably 
is related to the reduced variability for this trait. Stalk-strength 
selection showed a linear improvement in stalk-rot resistance, but the 
third cycle of selection was the least effective (Table 25). Devey (1982) 
concluded that four cycles of selection for stalk-rot resistance in the 
Lancaster population had reduced genetic variability. Three additional 
cycles of S^ recurrent selection for stalk strength, however, showed 
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continuous linear progress for both stalk strength and stalk-rot 
resistance. 
In contrast to stalk-rot rating, the variances among lines for 
stalk and rind strength were Increased by three cycles of stalk-strength 
selection. The frequency distribution of mean stalk strength values for 
lines from BS1HSC3, however, was skewed toward high stalk strength, 
and additional selection for stalk strength probably would not be very 
effective. Stalk-rot selection also showed a significant increase in 
the variance for rind strength, but a nonsignificant Increase was observed 
for stalk strength. Increased variability for rind strength from both 
selection methods indicates that the average frequency of alleles for 
rind strength has changed from low in BSlCO to intermediate in the two 
C3 populations. Selection based on rind penetrometer values should be 
effective for continuous improvements in both populations. 
Heritabillty estimates for stalk strength and stalk-rot rating were 
essentially the same for the CO and both C3 populations even though the 
variances among S^ lines for these two traits were changed with selection. 
The values were equal to or greater than 0.80 for both traits in each 
population (Table 42). These values are comparable with those obtained 
by Sleper (1969) when evaluating random S^^ lines from Iowa Stiff Stalk 
Synthetic. 
The heritabillty estimates for rind strength ranged from 0.49 in the 
CO population to 0.84 in both C3 populations. This significant increase 
In heritabillty for rind strength is a reflection of Increased genetic 
variance and decreased error variance in the C3 populations. Lines from 
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BSlCO showed a highly significant genotypes x years Interaction, while the 
genotypes x years interactions were nonsignificant for both C3 populations. 
All artificial methods of measuring stalk quality on the populations, 
testcrosses, and population crosses were highly correlated, with correla­
tion coefficients equal to or greater than 0.80. These values are in the 
range of those reported by other authors, and indicate that either method 
of selection should lead to substantial progress in all major stalk 
quality components (Thompson, 1963, 1972; Twumasl-Afriyle and Hunter, 
1982). The genotypic and phenotypic correlations calculated on random 
lines also were significant, but they were much lower than those ob­
served for the populations. The magnitude of these correlations was 
generally higher in the selected than in the CO population. These in­
creased correlations in the selected populations were expected because 
both methods of selection should have increased frequencies of some 
favorable alleles common to all stalk quality components. Using the 
same rationale, one would expect the correlations based on population 
means to be higher than those for random lines from these populations. 
The final determination of the efficacy of selection is by evaluating 
the performance of the BSl populations, testcrosses, and population 
crosses under field conditions. Evaluation of field stalk quality over 
four environments showed that both methods of selection were effective. 
Stalk lodging was reduced from 13.3 percent in the CO to 6.0 and 2.5 
percent In BS1MSC3 and BS1SRC3, respectively. Three cycles of stalk-
strength selection reduced field stalk rot from 25.4 to 5.0 percent, 
while the C3 from selection for stalk-rot resistance had 7.6 percent 
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stalk rot. Stalk lodging percentages were 41.9 and 0 percent for the 
susceptible and resistant single-cross checks, respectively. Field stalk 
rot for the two checks were 69.9 and 1.3 percent. The phenotypic correla­
tions, which ranged from -0.73 between stalk lodging and stalk strength 
to 0.85 between field stalk rot and stalk-rot rating, also showed a strong 
association between selected traits and field stalk quality. 
The responses of stalk lodging and field stalk rot to selection 
for stalk-rot resistance were linear, whereas stalk-strength selection 
produced a quadratic response in both traits. Although selection for 
stalk strength gave continuous improvement for field stalk quality, the 
gains were smaller with each successive cycle of selection. Similar, 
but less obvious, trends were observed for stalk-rot selection. Although 
the responses in field stalk quality were not as clear-cut as those for 
artificial measures of stalk quality, data on testcrosses and population 
crosses showed that field stalk quality is controlled by mostly additive 
gene action. Jlnahyon (1966) came to similar conclusions after evaluating 
three cycles of recurrent selection for Dlplodia stalk-rot resistance. 
He also concluded that the poor stalk quality single-cross (0x420x187-2) 
would be a very good tester for evaluating stalk quality. This same 
single-cross tester was used in this study, and it severely depressed 
the variance among cycle-population means for field stalk rot and arti­
ficial stalk-rot rating. 
Root lodging did not show any significant response to either selec­
tion method. However, there was a significant difference between the 
two methods because root lodging tended to Increase with selection for 
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stalk strength and to decrease with selection for stalk-rot resistance 
(Table 27). Because the roots have been identified as a major infec­
tion court for stalk-rotting organisms, one would have expected root 
lodging to decrease from both methods of selection (Smith and Hedges, 
1909). Sprague (1954) found that stalk rots caused by Gibberella and 
Diplodla spp. were highly correlated with root necrosis. One explanation 
for the difference in root lodging between populations from the two 
methods is that gains made for root quality by stalk-strength selection 
were negated by Increases in plant and ear height, which made these popu­
lations more susceptible to wind damage. Stalk-rot selection showed 
reduced plant and ear heights (Table 32). Martin (1981) found similar 
results in these populations. An increase in both number and length 
of intemodes explained the increase in plant and ear height from stalk-
strength selection, and also could have had an influence on root lodging 
and stalk strength. Selection for stalk-rot resistance reduced inter-
node length, but made no change in Intemode number. 
Several authors have suggested that DIMBOA, which is partially 
responsible for resistance to first generation com borer, is also 
important for Diplodla stalk-rot resistance (BeMlller and Pappells, 
1965; Beck and Stauffer, 1957). Similarly, DIMBOA concentration has 
been correlated with resistance to H. turcicum leaf blight (Long et al., 
1975, 1978). Data from this study showed no significant association 
between improvement for stalk-rot resistance and European com borer 
leaf feeding. Stalk-strength selection, however, showed a significant 
improvement in visual rating for second generation corn borer resistance. 
173 
There was no Improvement in stalk cavity counts. Conversely, selection 
for stalk-rot resistance resulted in increased cavity counts, but no 
significant change in visual rating for second generation com borer 
feeding. Despite these significant responses, there was no consistent 
association between stalk-rot resistance and resistance to either flrst-
or second-generation com borer. The results for reaction to northern 
leaf blight also were inconsistent because stalk-strength selection 
showed significant Improvement for resistance while selection for stalk-
rot resistance had no effect. The increase In leaf blight resistance 
from selection for stalk strength could be related to a general Increase 
in plant vigor showed by these populations. 
Both methods of selection resulted in significant correlated 
responses in yield and other agronomic traits. Three cycles of selection 
for stalk strength reduced grain yield from 70.8 q/ha in the CO to 49.5 
q/ha in the C3 population. The yield reduction was caused primarily by 
reductions in number of ears per plant, ear length, and ear diameter. 
Ear diameter was reduced by one millimeter per cycle, and was explained 
by significant reductions in number of kernel rows and kernel depth. 
Selection for stalk-rot resistance resulted in a C3 population yield 
of 54.2 q/ha. Although this value is higher than that for the C3 
population from stalk-strength selection, the first two cycles from 
stalk-rot selection yielded less than did the corresponding cycle popula­
tions from stalk-strength selection. Previous data from Martin (1981) 
and data from Experiment 30 in this report showed that all cycle popula­
tions from stalk-rot selection yielded less than those from selection 
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for stalk strength. Yield components generally showed the same response 
to selection for stalk rot as they did for stalk strength. Shelling 
percentage did not show significant changes to selection. Kernel weight 
was increased by both methods of selection. This increase in kernel weight 
was from larger kernels, which probably resulted from lower seed set and 
fewer kernel rows. 
Correlation data on the BSl populations, testcrosses, and population 
crosses showed that reduced ear diameter and ear length explained most 
of the reduction in yield. All yield components were generally posi­
tively correlated with yield and negatively associated with stalk quality. 
Ear diameters and ear length had the highest negative correlations with 
stalk quality traits. Kernel rows and kernel depth had similar associ­
ations to those for ear diameter. 
Ears per plant had been identified by Martin (1981) as being respon­
sible for most of the yield reduction. Data from Table 29 also suggest 
that reduced ear number was important to the reduced yields. This trait, 
however, was not correlated with yield or stalk quality traits. Because 
the testcrosses and population crosses masked the effects among cycle-
population means, one could argue that they reduced the overall associ­
ation of ears per plant with yield and stalk quality. This does not 
seem to be the case because testcrosses and population crosses showed 
the same trends for other yield coiq>onents, and their correlations were 
not affected in a similar manner. Thus, it seems that there was not 
enough variability for ear number to have a good estimate of its associ­
ation with other traits. 
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Days to anthesis and silking and anthesis-to-silking Interval were 
changed by three cycles of selection for improved stalk quality. Selec­
tion for stalk strength resulted in a two-day delay in anthesis, three-day 
delay in silking, and thus a one-day extension of anthesis-to-silking 
interval. Conversely, stalk-rot selection led to approximately one-day 
earlier anthesis and silking dates, but made no change in anthesls-to-
sliking Interval. Although the changes in maturity traits for stalk-
strength populations were small, they were expected to be less because 
during the second and third cycles of selection, lines were selected 
for recombination only if their anthesis dates were not later than the 
mean of all lines evaluated. Much of the change, however, occurred when 
there was no control on maturity in the first cycle of selection. 
Evaluation of random lines from the CO and two C3 populations showed 
the same changes in the mean for maturity traits as did the populations 
per se. Genotyplc and phenotyplc correlations among stalk quality and 
maturity traits, however, were significant within all populations. 
Therefore, the response in these traits would have been greater without 
the control practiced in cycles two and three. Changes in plant and ear 
heights seemed to be closely associated with anthesis and silking, and 
probably will respond favorably to selection for earlier maturity. If 
there Is not a close association between maturity and plant stature, 
plant and ear height can be controlled by simply monitoring these traits 
and selecting against extreme deviates during selection for stalk quality. 
Field observations and data on the lines from BS1MSC3 and BS1SRC3 
also show sufficient variability remaining in these populations to 
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permit selection of inbred lines with any number of agronomlcally desir­
able qualities. 
Concomitant changes often occur in other traits when recurrent 
selection is used for stalk quality improvement (Thompson, 1972; Devey, 
1982). These correlated responses may be the result of changes in allelic 
frequency caused by pleiotropism or genetic linkages between selected 
and unselected traits. They also may be the result of changes in gene 
frequency and inbreeding depression caused by drift when recombining a 
few lines after each cycle of selection (Russell et al., 1979; Smith, 
1979a). 
The amount of correlated response to selection for stalk quality 
has varied with the type of selection, cycles of selection, selection 
population, and others (Thompson, 1963, 1972; Davis and Crane, 1976; 
Jinahyon, 1966; Devey, 1982). Davis and Crane (1976) observed signifi­
cant yield reductions in populations and population crosses after three 
cycles of mass selection for rind thickness. The change in yield was 
attributed to a change in gene frequency, which altered the partitioning 
of photosynthate between the stalk and ear. During the grain-filling 
period, carbohydrates are rapidly being mobilized from the stalks to 
help support the developing grain (Daynard et al., 1969). In the popu­
lations evaluated by Davis and Crane, it seems that these nutrients are 
remaining in the stalk. 
Yield reductions observed in two maize populations and population 
crosses after six cycles of reciprocal half-sib selection for stalk 
quality were attributed to inbreeding depression by Thompson (1972). 
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Because the population crosses also showed reduced yield, both Inbreed­
ing depression and allelic frequency changes were probably lnq>ortant. 
thlree cycles of mass selection for high and low crushing strength In 
two maize synthetics had no effect on grain yield (Zuber, 1973). Jinahyon 
(1966) reported similar results after evaluating three cycles of 
recurrent selection for Diplodia stalk-rot resistance in an open-
pollinated maize population (Lancaster). After one additional cycle of 
selection for stalk-rot resistance and three cycles of selection for 
mechanical stalk strength, Devey (1982) reported large yield reductions 
in the Lancaster populations. The magnitude of the theoretical inbreed­
ing coefficient (F = 0.22) after the final cycle of selection suggests 
that both inbreeding and gene frequency changes were responsible for 
lower yield. 
In this study, the theoretical inbreeding expected from recombinlng 
a limited number of lines during the selection process was calculated by 
the following formula (Falconer, 1960): 
^t " (2N+1) + (1 " (2N+l)^^t-l 
where: 
F^ " inbreeding coefficient in the tth cycle; 
N = number of lines recombined. 
A 10 percent selection intensity was used for each cycle of selection 
for both methods. The total number of lines evaluated varied from 215 
for both CI populations to 119 in the C2 of stalk-strength selection 
(Table 5). The inbreeding coefficients shown in Table 50 suggest that 
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Table 50. Estimated inbreeding coefficients of BSICO and six in^roved 
populations developed by three cycles of Sj recurrent selection 
for stalk-rot resistance and stalk strengtn 
Population N Inbreeding coefficient 
BSICO* 0 0 
BSISRCI 22 0.022 
BS1SRC2 14 0.056 
BS1SRC3 20 0.079 
BSIMSCI 22 0.022 
BS1MSC2 12 0.061 
BS1MSC3 20 0.084 
^he Inbreeding coefficient of BSlCO is assumed to be zero. 
Inbreeding depression could account for only a minimal amount of corre­
lated response in unselected traits. 
The modified dlallel analysis, proposed by Hammond and Gardner 
(1974) for evaluating maize populations after selection, was used to 
determine the cause of correlated responses in other agronomic traits 
after three cycles of selection for stalk quality in the BSl population. 
According to Smith (1979a, 1979b), when evaluating only a few cycles of 
selection, with this model, the DQ (Ap^a) term is largely a function of 
inbreeding depression due to genetic drift, rather than the quadratic 
change in heterozygous contribution from selection. Smith also concluded 
that the HO(ApAp') term is biased by drift. If we assume that DQ is a 
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measure of Inbreeding depression In this study, the data from Experiment 
30 (Tables 46 to 49) show that, even though there was significant hetero­
zygosity and dominance in the CO population, inbreeding was not very 
Important for any of the observed correlated responses. Significant 
heterosis was observed for yield, ear diameter, ear length, plant height, 
and days to anthesls and silking for the C3 population cross, and could 
be an indication of drift. Regardless of these values, correlated 
responses in all traits were explained primarily by a change In allelic 
frequency (Apa). 
A summary of observed and predicted correlated responses caused by 
the changes in gene frequency is presented in Table 51. Predicted re­
sponses were calculated by multiplying the appropriate ÂL coefficients 
in Tables 47 and 49 by six, the coefficient for this parameter from the 
X matrix (Table 21). Gene frequency changes in the stalk-strength popu­
lations resulted in decreased kernel rows, ear length,, kernel depth, 
yield, and shelling percentage, but caused increased plant height, ear 
height, intemode number, and days to anthesls and silking. Allelic 
frequency changes from stalk-rot selection resulted In decreased ears 
per plant, ear diameter, kernel rows, ear length, kernel depth, yield, 
shelling percentage, kernel weight, plant height, ear height, and days 
to anthesls and silking. Among the fifteen traits measured in Experiment 
30, kernel weight was the only trait that showed a positive response to 
selection for stalk-rot resistance. The changes in yield components were 
usually greater for stalk-rot selection than for stalk-strength selection. 
Correlated responses in plant and maturity traits, however, were in 
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Table 51. Total observed correlated response and predicted correlated 
response caused by the average weighted change in gene fre­
quency after three cycles of recurrent selection for stalk 
strength and stalk-rot resistance (Experiment 30, Ames and 
Ankeny, 1981) 
Method of selection 
Stalk strength Stalk rot 
Observed Predicted Observed Predicted 
Trait Response Response . Response Response 
Yield (q/ha) -10.4 -10.0 -18.1 -16.3 
Ears per plant (times 10) -0.5 0.0 -1.3 -1.4 
Ear diameter (mm) -1.5 0.0 -3.5 -3.2 
Kernel rows -0.8 -1.0 -1.5 -1.4 
Ear length (cm) -1.8 -1.0 -1.1 -1.3 
Kernel depth (mm) -0.4 -0.5 -0.2 —0.6 
Shelling percentage (%) -1.8 -1.8 -0.3 -1.6 
Kernel weight (g) 2.4 5.4 10.8 10.5 
Anthesis 1.4 1.1 -1.2 -1.7 
Silking 1.0 1.5 -2.1 -1.7 
Anthesis-to-silking 0.9 0.0 0.4 0.0 
Plant height (cm) 5.9 11.2 -7.1 0.0 
Ear height (cm) 2.0 5.5 -9.1 -10.3 
Intemode number 0.4 0.7 -0.1 0.0 
Intemode length (cm) -0.1 0.0 -0.6 0.0 
the desired direction for stalk-rot selection and were undesirable in the 
stalk-strength populations. In either situation, the response seems to 
be caused by linkage or plietrophism of alleles controlling these unse-
lected traits and alleles responsible for stalk strength and/or stalk-rot 
resistance. The magnitude of the correlated responses in comparison to 
the direct response in stalk quality suggests that the undesirable linkages 
are not very tight and can be controlled by mild selection for these 
traits when selecting for stalk quality. 
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It is evident that both traits used In the recurrent selection pro­
gram gave significant improvement for all stalk quality traits evaluated. 
They also resulted in many undesirable correlated responses, the most 
important of which was reduced yield through a repartitioning of photo-
synthate between the stalk and ear. This conclusion is substantiated 
by preliminary data on chemical stalk analyses (M. J. Martin, 1982. Iowa 
State University, Ames). Stalks from the advanced cycle population contain 
significantly more nonstructural carbohydrates than those from the CO 
population. Some of the yield reduction is regained in the population 
cross, and the C3 cross is recommended over either population for extrac­
tion of high stalk quality lines with good yield potential. 
Based on the effectiveness of stalk-strength and stalk-rot selection, 
the most inqportant factor for choosing a method of stalk quality improve­
ment is to have one that is compatible with other elements of a breeding 
program. For most applied breeding programs directed toward inbred line 
development, stalk-rot selection in conjunction with selection for rind 
strength should be veiry effective and efficient. This type of selection 
can be conducted easily in a breeding nursery during pedigree selection 
for other agronomic traits. Stalk-strength selection would not be com­
patible with this type of program because it involves destructive sampling 
and is more time-consuming than stalk-rot selection. However, if one 
is interested in population improvement or adopts the philosophy of 
Hallauer and Miranda's (1981) comprehensive breeding program, either 
method would be efficient and effective. 
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A comprehensive breeding program would involve recurrent selection 
for stalk quality and use of lines after evaluation for further inbreeding 
and agronomic selection in the breeding nursery. This program is recom­
mended because it allows for simultaneous evaluations of yield, which 
should be controlled during selection for stalk quality. Grain yield, 
moisture, and other traits of Interest can be evaluated in two replica­
tions of the same experiments used for stalk-quality evaluations. 
Selection of lines for recombination and/or further development can be 
enhanced by the use of a simple selection index such as the rank summa­
tion index of Mulumba and Mock (1978). This index Is recommended because 
it allows for assigning weights and selecting for several traits as one 
unit without having knowledge of heritablllties for each trait and 
genotyplc correlations for each pair of traits. The appropriate weights 
for each trait will have to be determined by the desired gain and the 
breeder's conception of the Importance of each trait. Without changing 
the selection intensity or evaluating more lines, this system will result 
in less gain than selecting for stalk quality alone. The final product, 
however, should be more valuable for extracting high yielding lines with 
good stalk quality. 
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SUMMARY 
Recurrent selection, using lines for evaluation, was used for 
three cycles in Iowa Synthetic #1 (BSl) to improve this maize population 
for stalk quality. Selection was for resistance to mechanical stalk 
breakage (stalk strength) and resistance to stalk rot after artificial 
inoculation, in separate programs. Evaluations were made in three repli­
cate experiments, and the best 10 percent of the Sj^ lines, with restric­
tions in the last two cycles to avoid later maturity, were recombined in 
each program to develop the improved synthetics. By 1978, the third cycle 
of selection was completed, and the original and three advanced cycle 
populations from each selection program were random mated to produce seed 
for evaluations. Additional materials produced to permit extensive evalu­
ations of direct and correlated responses included the following: 
testcrosses of all populations to a poor stalk quality single-cross tester 
(Os420xl87-2); crosses of cycle populations from the two methods; back-
crosses of the C3 populations to the CO; the CO and two C3 populations 
selfed; and 100 random S^ lines from the CO and two C3 populations. 
The primary objective of this study was to determine the effective­
ness of S^ recurrent selection for mechanical stalk strength and stalk-rot 
resistance after inoculation with D. maydis to improve stalk quality. 
Correlated responses in other agronomic traits and the cause of these 
responses also were investigated. 
Selection for stalk-rot resistance and stalk strength was highly 
effective for improving both traits in the populations, testcrosses, and 
population crosses. Stalk-strength selection was the superior method 
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for Improving stalk strength. Selection for stalk-rot resistance, however, 
was equal or slightly superior to stalk-strength selection for improving 
stalk-rot resistance and the two correlated traits, rind strength and 
stalk strength/area. Stalk-strength selection improved stalk strength 
7.2 kg per cycle and stalk-rot rating 0.56 per cycle. Stalk-rot selec­
tion Improved these two traits 4.0 kg and 0.60 per cycle, respectively. 
The improvements in testcross means generally were not as great as those 
for populations. Data over all testcrosses and population crosses showed 
that stalk quality is controlled primarily by additive gene action. 
The S^ lines from BSlCO, BS1MSC3, and BS1SRC3 showed mean stalk and 
rind strength values and stalk-rot ratings similar to their respective 
populations. This is further evidence that stalk quality is controlled 
primarily by additive gene action. Both methods of selection reduced 
the genetic variance for stalk-rot resistance and Increased the variance 
for rind strength. The variance for stalk strength was increased by 
selection for stalk strength, but not changed by stalk-rot selection. 
All stalk quality traits were highly heritable and significantly correlated 
with each other. The magnitude of the heritabilities and correlations 
increased with selection, probably because both methods of selection in­
creased the frequency of the same or similar alleles. 
Evaluation of field stalk quality of the populations, teptcrosses, 
and population crosses showed that improvements in resistance to stalk 
lodging and field stalk rot closely paralleled the improvements in 
mechanical stalk strength and artificial stalk-rot ratings. The decrease 
per cycle in stalk lodging was 2.4 percent with stalk-strength selection 
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and 3.6 percent with stalk-rot selection. Field stalk rot was reduced 
6.8 percent and 5.9 percent per cycle in the BSIMS and BSlSR populations, 
respectively. There was no significant change in root lodging from either 
method of selection. 
Significant correlated responses in yield and six yield components 
were observed for both methods of selection. All correlated responses 
in yield and yield components were negative, except kernel weight, which 
showed Increases for both methods of selection. The total decreases in 
grain yield were 21.3 q/ha for stalk-strength selection and 16.6 q/ha 
for stalk-rot selection. All yield components except kernel weight seemed 
to have contributed to the observed yield reductions, and reduced ear 
diameter probably made the greatest contribution. 
Selection for stalk strength showed increases in all maturity and 
plant traits, while selection for stalk-rot resistance showed either re­
ductions or no significant changes in these traits. The most important, 
undesirable, observed changes in the BSlMS populations were increased 
plant and ear heights, delayed anthesis and silking dates, and an increased 
anthesis-to-silking interval. The responses in these traits were in the 
desired direction for stalk-rot selection. 
Changes in resistance to northern leaf blight and first and second 
generation European corn borer were small and inconsistent for the two 
methods of selection. Therefore, no definite association of these traits 
with stalk quality could be concluded. 
Modified diallel analysis of the populations showed that correlated 
responses in yield, yield components, and plant and maturity traits were 
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explained by changes in allelic frequencies of these traits with inproved 
stalk quality. Evidently changes in gene frequencies for yield and yield 
components altered the partitioning of photosynthate between the stalk 
and ear. Rather than being translocated to the ear, probably significantly 
more nonstructural carbohydrates remained in the stalks of the Improved 
stalk-quality populations. Even though most traits showed significant 
heterozygosity and dominance in the original population, the effective 
population size was large enough during selection to prevent correlated 
responses in agronomic traits from inbreeding depression. This analysis 
also showed that the two methods of improvement selected some different 
alleles for most correlated traits so that the C3 population cross was 
superior to both of the C3 populations. 
Both methods of selection were highly effective for improving stalk 
quality. Selection for stalk-rot resistance is easier and would more 
easily fit into the scheme of most applied maize breeding programs. In 
a comprehensive breeding program where lines are extracted after each 
cycle of population improvement for further inbreeding and pedigree selec­
tion, the use of either method would be feasible. Correlated responses 
in rind strength showed that this trait should be a primary selection 
criterion when selecting for stalk quality. Regardless of the method 
chosen for stalk quality improvement, simultaneous selection for yield, 
maturity, and other agronomic traits should be practiced. 
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APPENDIX 
Table Al. Analyses of variance for stalk quality traits of BSl populations grown at Ames, 1980 
Mean squares 
Rind Stalk Stalk Stalk strength/ 
Source d.f. strength strength rot area 
Replications 4 4.10 77.61 0.18 2.66 
Entries 21 2.53** 619.87** 5.28** 11.59** 
Populations 18 0.83** 342.65** 3.19** 6.25** 
Population lin 2 1.92** 1394.10** 17.08** 25.88** 
Ave lin 1 3.84 1939.45** 33.50** 49.14** 
Bet b's 1 0.00 848.75** 0.66 2.62* 
Population quad 2 0.17 89.50* 0.14 1.12 
Ave quad 1 0.01 174.90* 0.23 1.22 
Bet b's 1 0.33 4.10 0.05 1.02 
Testcross lin 2 0.18 48.21 0.08 0.80 
Ave lin 1 0.11 20.53 0.11 1.60 
Bet b's 1 0.25 75.89 0.05 0.00 
Testcross quad 2 0.03 0.66 0.31 0.34 
Ave quad 1 0.04 0.42 0.53 0.63 
Bet b's 1 0.02 0.90 0.09 0.05 
Population-cross lin 1 9.10** 2863.05** 18.70** 0.92 
Population-cross quad 1 0.16 60.70 0.23 2.05 
Intercept 1 0.58 82.95 2.52** 3.81** 
Residual 7 0.07 13.72 0.11 0.64 
Checks 2 16.51** 2994.29** 26.52** 63.18** 
Populations vs Checks 1 5.17** 860.99** 0.42 4.53** 
Error 84 0.34 27.46 0.26 0.53 
Total 109 
C.V. (%) 15.1 13.3 16.3 11.6 
Table A2. Means and linear and quadratic regression coefficients for stalk quality traits of BSl 
populations grown at Ames, 1980 
Cycle of selection Regression coefficient 
Entry Trait 0 1 2 3 
"A 
BSIMS Rind 3.5 4. ,0 4 .0 4.2 3 .53 0.26+(0.09) -0.08+(0.12) 
BSISR strength (kg) 3.5 3. 6 4 .0 4.3 3. .53 0.24±(0.09) 0.08±(0.12) 
BSlMSx(0s420xl87-2) 3.3 3. ,5 3 .6 3.8 3 .25 0.20±(0.10) 0.01+(0.12) 
BSlSRx(0s420x187-2) 3.3 3. 2 3 .5 3.6 3, .25 0.111(0.10) 0.05±(0.12) 
BSlMSxBSlSR 3.5 3. 9 4 .1 4.8 3. .53 0.37±(0.09) 0.08±(0.12) 
BSIMS Stalk 33.0 36. 6 47 .1 58.8 31, .97 8.23+(0.84) 2.08±(1.09) 
BSISR strength (kg) 33.0 32. 7 37 .7 43.4 31. .97 3.31+(0.84) 1.53±(1.09) 
BSlMSx(Os420xl87-2) 29.4 30. 6 36 .7 37.9 28. .68 3.26+(0.86) -0.02±(1.09) 
BSlSRx(0s420xl87-2) 29.4 28. 1 34 .1 33.6 28. .68 1.78±(0.86) 0.23±(1.09) 
BSlMSxBSlSR 33.0 42. 7 47 .1 50.8 31. .97 6.96+(0.84) -1.62+(1.09) 
BSIMS Stalk rot 3.6 3. 0 2 .4 1.9 3. .58 -0.56±(0.08) 0.03±(0.11) 
BSISR (0.5 to 6) 3.6 2. 9 2 .0 1.7 3. .58 -0.69±(0.08) 0.09±(0.11) 
BSlMSx(0s420xl87-2) 4.2 3. 9 3 .2 3.5 4. .16 -0.30+(0.08) 0.16±(0.11) 
BSlSRx(0s420x187-2) 4.2 3. 9 3 .5 3.5 4. 16 -0.26±(0.08) 0.07+(0.11) 
BSlMSxBSlSR 3.6 3. 3 2 .7 2.0 3. 58 -0.50±(0.08) -0.10+(0.11) 
BSIMS Stalk strength/ 5.5 5. 8 6 .5 7.8 5. 52 0.65+(0.12) 0.26+(0.15) 
BSISR area (kg/cm^) 5.5 6. 0 7, .8 8.1 5. 52 0.92+(0.12) -0.01+(0.15) 
BSIMSx(Os420xl87-2) 5.0 4. 8 5, .4 5.9 4. 81 0.31+(0.12) 0.16±(0.15) 
BSlSRx(0s420x187-2) 5.0 4. 8 5. .6 5.7 4. 81 0.31±(0.12) 0.09±(0.15) 
BSlMSxBSlSR 5.5 7. 2 7. .2 7.7 5. 50 1.60±(0.44) -0.30±(0.15) 
Table Â2. Continued 
Trait 
Rind strength Stalk strength Stalk rot Stalk strength/area 
Check (kg) (kg) (0.5 to 6) (kg/cm*) 
Os420xl87-2 2.8 24.7 5.7 3.8 
Bl4AxOh41 4.0 41.0 2.9 5.9 
B14AXC103 6.4 72.8 1.1 10.7 
Table A3. Analyses of variance for stalk quality traits of BSl populations grown at Ames, 1981 
Mean squares 
Rind Stalk Stalk Stalk strength/ 
Source d.f. strength strength rot area 
Replications 4 0.33 72.53 1.26 1.73 
Entries 21 1.89** 481.15** 4.73** 10.35** 
Populations 18 1.04** 175.89** 3.48** 5.92** 
Population lin 2 4.43** 789.44** 16.19** 25.24** 
Ave lin 1 8.56** 1434.50** 31.44** 41.01** 
Bet b's 1 0.30 144,38** 0.94 9.47** 
Population quad 2 0.15 8.27 0.82* 0.82 
Ave quad 1 0.08 12.22 1.15* 1.18 
Bet b's 1 0.22 4.32 0.49 0.46 
Testcross lin 2 0.47* 91.73* 0.30 1.97 
Ave lia 1 0.88** 100.69* 0.10 3.39* 
Bet b's 1 0.06 82.77* 0.50 0.55 
Testcross quad 2 0.04 12.10 0.06 1.06 
Ave quad 1 0.02 3.42 0.11 2.04 
Bet b's 1 0.06 20.78 0.01 0.08 
Population-cross lin 1 7.05** 1200.40** 24.40** 37.92** 
Population-cross quad 1 0.00 7.06 0.06 0.63 
Intercept 1 0.85** 36.94 1.30* 1.26 
Residual 7 0.10 16.91 0.31 1.22 
Checks 2 8.66** 2789.64** 18.35** 51.26** 
Populations vs Checks 1 3.65** 1358.85** 0.00 8.27** 
Error 84 0.12 20.39 0.27 0.81 
Total 109 
C.V. (%) 9.7 10.6 19.4 11.9 
Table A4. Means and linear and quadratic regression coefficients for stalk quality traits of BSl 
populations grown at Ames, 1981 
Entry Trait 
Cycle of selection Regression coefficient 
BSIMS Rind 3, .3 3. .3 3 .8 4. ,1 3 .28 0.25±(0.06) 0.11±(0.07) 
BSISR strength (kg) 3. .3 3. .8 3 .8 4. .3 3 .28 0.34±(0.06) -0.02+(0.07) 
BSlMSx(Os420xl87-2) 2. .9 3. .0 3, .2 3. .3 2 .94 0.11±(0.06) 0.01±(0.07) 
BSlSRx(Os420xl87-2) 2. ,9 3. .2 3, .0 3. ,1 2 .94 0.07±(0.06) 0.06±(0.07) 
BSlMSxBSlSR 3. 3 3. ,7 3. .8 4. .2 3 .28 0.31±(0.06) 0.01±(0.07) 
BSIMS Stalk 33. ,5 38. 8 48. 7 54. ,2 33, .33 7.03±(0.72) 0.18±(0.94) 
BSISR strength (kg) 33, 5 39. 3 40. ,5 50. 0 33, .33 5.02+(0.72) 0.74±(0.94) 
BSIMSx(Os420x18 7-2) 36. 2 36. 2 41. ,0 44. 7 35. .53 2.79±(0.74) 0.91±(0.94) 
BSlSRx(Os420xl87-2) 36. 2 36, 3 39. 6 38. 4 35. .53 1.25±(0.74) -0.33±(0.94) 
BSlMSxBSlSR 33. 5 38. 7 45. 6 48. 4 33. .33 5.37±(0.72) -0.55+(0.94) 
BSIMS Stalk rot 3. 4 3. 0 1. 8 1. 7 3. 35 -0.61±(0.08) 0.06±(0.11) 
BSISR (0.5 to 6) 3. 4 2. 1 1. 7 1. 3 3. ,47 -1.47±(0.32) 0.25±(0.11) 
BSlMSx(Os420xl87-2) 3. 8 3. 6 3. 0 3. 1 3. ,76 -0.28±(0.09) 0.06±(0.11) 
BSlSRx(Os420xl87-2) 3. 8 3. 4 2. 9 2. 6 3. 76 -0.40±(0.09) 0.04±(0.11) 
BSlMSxBSlSR 3. 4 3. 1 1. 9 1. 5 3. 35 -0.62±(0.08) -0.05±(0.11) 
BSIMS Stalk strength/ 6. 1 6. 9 6. 9 8. 8 6. 01 0.79±(0.14) 0.28±(0.19) 
BSISR area (kg/cm^) 6. 1 8. 0 7. 9 10. 2 6. 01 1.31+(0.14) 0.10±(0.19) 
BSlMSx(0s420xl87-2) 6. 7 6. 3 7. 1 7. 7 6. 42 0.37±(0.15) 0.27+(0.19) 
BSlSRx(Os420xl87-2) 6. 7 6. 4 7. 3 7. 7 6. 42 0.39±(0.15) 0.18±(0.19) 
BSlMSxBSlSR 6. 1 6. 7 7. 9 9. 0 6. 01 0.96+(0.14) 0.16±(0.19) 
Table A4. Continued 
Trait 
Rind strength Stalk strength Stalk rot Stalk strength/area 
Check (kg) (kg) (0.5 to 6) (kg/cm^) 
Os420xl87-2 2.7 32.0 4.7 5.5 
Bl4AxOh41 4.1 44.2 2.2 7.3 
B14AxC103 5.3 77.6 1.0 11.8 
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Table Â5. Analyses of variance for field stalk and root quality of BSl 
populations grown at Ames, 1980 
Mean squares 
Stalk Field stalk Root 
Source d.f. lodging rot lodging 
Replications 4 101. 38 174.84 81. 63 
Entries 21 973. 57** 2836.47** 81. 08** 
Populations 18 479. 50** 1882.73** 82. 79** 
Population lln 2 835. 43** 7203.80** 69. 65 
Ave lln 1 1636. 46** 14312.32** 105, 00 
Bet b's 1 34. 40 95.28 34. 30 
Population quad 2 82. 27 57.44 149. 22* 
Ave quad 1 118. 90 91.79 204. 79* 
Bet b ' s 1 45. 64 23.09 93. 65 
Testcross lln 2 26. 01 510.87* 272, 62** 
Ave lin 1 8. 66 965.66** 322. .22** 
Bet b's 1 43. 36 56.08 223 .02* 
Testcross quad 2 106. 62 134.26 1 .35 
Ave quad 1 30. 45 152.88 0 .72 
Bet b's 1 182. 79 115.64 1 .98 
Population-cross lln 1 3025. 58** 7104.12** 222 .30* 
Population-cross quad 1 208. 11 0.50 4 .07 
Intercept 1 2357. 08** 9847.24** 22 .78 
Residual 7 133 37 160.65 36 .49 
Checks 2 5513. 18** 12814.82** 7 .00 
Populations vs Checks 1 787. .67** 47.09 198 .46* 
Error 84 107 .06 131.59 36 .57 
Total 109 
C.V. (%) 66 .8 35.7 131 .0 
Table Â6. Means and linear and quadratic regression coefficients for field stalk and root quality 
of BSl populations grown at Ames, 1980 
Cycle of selection Regression coefficient 
Entry Trait 0 1 2 3 
"o 
b q 
BSIMS Stalk 17.6 8.7 6.3 10.4 13.89 -2.20±(1.65) 3.11±(2.15) 
BSISR lodging (%) 17.6 11.0 6.3 5.0 13.89 -3.19±(1.65) 1.16±(2.15) 
BSlMSx(Os420xl87-2) 33.4 13.8 22.7 12.5 31.45 -6.58±(1.70) 2.71±(2.16) 
BSlSRx(0s420x187-2) 33.4 28.8 21.0 13.8 31.45 -5.47±(1.70) -0.96±(2.16) 
BSlMSxBSlSR 17.6 2.6 6.3 2.5 13.89 -4.33±(1.65) 3.00±(2.15) 
BSIMS Field stalk 30.2 15.0 13.8 6.4 28.54 -7.82±(1.83) 2.15±(2.39) 
BSISR rot (%) 30.2 23.4 13.9 11.3 28.54 -6.17±(.183) 0.85±(2.39) 
BSlMSx(Os420xl87-2) 63.0 48.7 52.8 35.0 64.44 -9.09±(1.89) -0.50±(2.39) 
BSlSRx(Os420xl87-2) 63.0 63.8 49.5 38.1 64.44 -7.82±(1.89) -3.41±(2.39) 
BSlMSxBSlSR 30.2 24.0 19.2 13.7 28.54 -4.84±(1.83) 0.15±(2.39) 
BSIMS Root 1.9 11.3 6.2 1.2 2.63 10.06±(3.68) -3.59±(1.26) 
BSISR lodging (%) 1.9 4.9 2.5 1.2 4.79 -1.08±(0.96) -0.96±(1.26) 
BSlMSx(0s420xl87-2) 5.6 10.0 9.0 13.8 6.52 2.15±(1.00) 0.18±(1.26) 
BSlSRx(Os420xl87-2) 5.6 10.0 2.6 6.2 6.52 -0.37±(1.00) -0.26±(1.26) 
BSlMSxBSlSR 1.9 3.8 0.0 0.0 4.79 -1.78±(0.96) -0.42±(1.26) 
Trait 
Stalk lodging Field stalk rot Root lodging 
Checks (%) (%) (%) 
08420x187-2 
Bl4AxOh41 
Bl4AxCl03 
60.4 
6 . 2  
0.0 
88.9 
2.5 
0.0 
2.4 
0.0 
1.3 
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Table Â7. Analyses of variance for field stalk and root quality of BSl 
populations grown at Ankeny, 1980 
Mean squares 
Source d.f. 
Stalk 
lodging 
Field stalk 
rot 
Root 
lodging 
Replications 4 10.04 88.44 40.18 
Entries 21 74.15* 1243.74** 71.70* 
Populations 18 69.18* 925.73** 59.38 
Population lin 2 158.74* 3233.23** 242.21** 
Ave lin 1 311.76** 6464.19** 18.86 
Bet b's 1 5.72 2.27 465.56** 
Population quad 2 29.70 47.83 9.61 
Ave quad 1 48.68 80.98 17.97 
Bet b's 1 10.72 14.68 1.25 
Testcross lin 2 25.97 409.31 42.97 
Ave lin 1 51.19 238.02 35.66 
Bet b's 1 0.75 580.60 50.28 
Testcross quad 2 38.21 249.27 44.59 
Ave quad 1 15.25 90.60 89.10 
Bet b's 1 61.17 407.94 0.08 
Population-cross lin 1 126.72 2593.75** 178.30* 
Population-cross quad 1 26.80 290.33 42.59 
Intercept 1 439.04** 5330.95** 8.05 
Residual 7 21.06 81.26 23.02 
Checks 2 155.54* 4702.64** 214.32** 
Populations vs Checks 1 0.83 50.12 8.22 
Error 84 36.70 255.56 44.49 
Total 109 
C.V. (%) 122.6 76.7 149.3 
Table A8. Means and linear and quadratic regression coefficients for field stalk and root quality 
of BSl populations grown at Ankeny, 1980 
Cycle of selection Regression coefficient 
Entry Trait ( ) I 2 i 
"A 
BSIMS Stalk 5, .3 2 .7 0 .0 3. 9 4. 25 -0.79±(0.97) 1.68±(1.26) 
BSISR lodging (%) 5. 3 2, .7 1 .2 1. 2 4. 25 -1.19±(0.97) 0.79±(1.26) 
BSlMSx(Os420xl87-2) 12. ,8 4, .0 6 .4 3. 8 11. 83 -3.05±(1.00) 1.68±(1.26) 
BSlSRx(Os420xl87-2) 12. 8 10 .3 6 .3 2. 5 11. 83 -2.90±(1.00) -0.44±(1.26) 
BSlMSxBSlSR 5. 3 5, .7 1 .2 5. 5 4. ,25 -0.09±(0.97) 1.08±(1.26) 
BSIMS Field stalk 19. 4 12, .5 7 .7 5. 2 17, ,40 -4.35±(2.55) 1.40±(3.32) 
BSISR rot (%) 19. 4 12. 8 5 .4 7. 8 17. ,40 -4.09±(2.55) 2.44+(3.32) 
BSlMSx(Os420x187-2) 42. 0 32. 9 24 .5 20. 2 43. 82 -8.59±(2.63) 1.24±(3.33) 
BSlSRx(Os420xl87-2) 42. 0 46. 8 37 .8 25. 8 43. 82 -4.51±(2.63) -4.25±(3.33) 
BSlMSxBSlSR 19. 4 17. 8 3 .7 17. 1 17. 40 -1.98±(2.55) 3.54±(3.32) 
BSIMS Root 4. 1 6. 2 6 .5 12. 7 3. 07 2.78±(1.06) 1.01±(1.39) 
BSISR lodging (%) 4. 1 2. 6 0 .0 1. 2 3. 07 -0.84±(1.06) 0.70±(1.39) 
BSlMSx(Os420xl87-2) 5. 6 2. 0 3 .9 6. 2 4. 09 0.29±(1.10) 1.53±(1.39) 
BSlSRx(Os420xl87-2) 5. 6 2. 6 0. 0 3. 1 4. 09 -0.91±(1.10) 1.45±(1.39) 
BSlMSxBSlSR 4. 1 3. 7 6. 0 10. 7 3. 07 2.11±(1.06) 1.36±(1.39) 
Trait 
Stalk lodging Field stalk rot Root lodging 
Checks (%) (%) (%) 
Os420xl87-2 
Bl4AxOh41 
B14AxC103 
11.1 
4.4 
0.0 
54.5 
2.9 
0.0 
11.3 
0.0 
0.0 
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Table Â9. Analyses of variance for field stalk and root quality of BSI 
populations grown at Ames, 1981 
Mean squares 
Source d.f. 
Stalk 
lodging 
Field stalk 
rot 
Root 
lodging 
Replications 4 118.74 137.48 5.82 
Entries 21 323.42** 1125.15** 24.82 
Populations 18 217.73** 782.14** 22.03 
Population lin 2 600.11** 2672.62** 4.73 
Ave lin 1 1187.50** 5063.24** 6.52 
Bet b's 1 12.72 282.00 2.94 
Population quad 2 68.13 71.50 19.15 
Ave quad 1 124.64 111.67 1.82 
Bet b's 1 11.62 31.33 36.48 
Testcross lin 2 132.42 322.24 10.52 
Ave lin 1 21.44 301.90 8.20 
Bet b's 1 243.40 342.58 12.84 
Testcross quad 2 110.30 52.39 12.56 
Ave quad 1 25.60 7.31 24.18 
Bet b's 1 195.00 97.47 0.94 
Population-cross lin 1 1285.33** 4709.70** 78.56* 
Population-cross quad 1 5.32 54.11 1.28 
Intercept 1 315.30* 1622.08** 2.52 
Residual 7 70.18 207.87 31.47 
Checks 2 1432.75** 4772.60** 62.02* 
Populations vs Checks 2 7.18 4.43 0.64 
Error 84 73.31 122.68 16.24 
Total 109 
C.V. (%) 82.2 54.5 179.9 
Table ÂlO. Means and linear and quadratic regression coefficients for field stalk and root quality 
of BSl populations grown at Ames, 1981 
Cycle of selection Regression coefficient 
Entry Trait ( ) 1 2 3 b 0  b q 
BSIMS Stalk 16, ,1 3 .7 6 .3 2 .6 13 .62 -4.12±(1.37) 2.12±(1.78) 
BSISR lodging (%) 16. 1 3 .9 10 .4 2 .6 13 .62 -3.52±(1.37) 1.19+(1.78) 
BSlMSx(Os420xl87-2) 20. 4 11 .3 7 .7 8 .8 20. 05 -4.79±(1.41) 2.70+(1.78) 
BSlSRx(08420x187-2) 20. 4 22 .9 14 .3 12 .9 20 .05 -2.15±(1.41) -1.10+(1.78) 
BSlMSxBSlSR 16. 1 11 .7 6 .2 1 .3 13, .62 -3.82±(1.37) -0.48+(1.78) 
BSIMS Field stalk 26. 8 8 .7 8 .9 1 .3 23, .18 -7.75±(1.77) 2.62±(2.30) 
BSISR rot (%) 26. 8 13 .2 17 .1 7 .6 23, .18 -4.91±(1.77) 1.10+(2.30) 
BSiMSx(08420x187-2) 38. 0 23 .9 29 .3 20 .3 37. 75 -5.94±(1.82) 1.77+(2.30) 
BSlSRx(Os420xl87-2) 38. 0 43 .1 26 .8 30 .2 37, .75 -2.81±(1.82) -0.91+(2.30) 
BSlMSxBSlSR 26. 8 15 .8 7 .4 4 .1 23. 18 -6.86±(1.77) 1.53±(2.30) 
BSIMS Root 3. 2 0 .0 2 .5 1, .3 3. 30 -0.77±(0.64) 0.65±(0.84) 
BSISR lodging (%) 3. 2 6 .6 1, .2 1, .3 3. 30 -0.48±(0.64) -0.99+(0.84) 
BSlMSx(Os420xl87-2) 3. 1 5 .0 1, .3 0. 0 3. ,87 -1.11±(0.66) -0.91±(0.84) 
BSlSRx(Os420xl87-2) 3. 1 2 .  4 5, .0 1. 2 3. 87 -0.51±(0.66) -0.65±(0.84) 
BSlMSxBSlSR 3. 2 1, .2 1. ,2 0. 0 3. 30 -1.15+(0.64) 0.24+(0.84) 
Trait 
Stalk lodging Field stalk rot Root lodging 
Checks (%) (%) (%) 
Os420xl87-2 
Bl4AxOh41 
B14AxC103 
29.3 
0.0 
0.0 
55.4 
0.0 
4.0 
6.1 
0.0 
0.0 
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Table All. Analyses of variance for field stalk and root quality of BSl 
populations gtoito at Ankeny, 1981 
Mean squares 
Source d.f. 
Stalk 
lodging 
Field stalk 
rot 
Root 
lodging 
Replications 4 64.28 127.45 75.72 
Entries 21 988.84** 2030.97** 24.52 
Populations 18 257.55** 1139.45** 17.18 
Population lin 2 890.74** 3467.21** 50.14 
Ave lin 1 1776.11** 6929.06** 4.00 
Bet b's 1 5.37 5.36 96.28 
Population quad 2 189.45* 346.45* 24.66 
Ave quad 1 216.34 527.84* 10.42 
Bet b's 1 162.56 165.06 38.90 
Testcross lin 2 84.11 1278.68** 1.53 
Ave lin 1 52.83 1768.62** 1.95 
Bet b's 1 115.39 788.74** 1.11 
Testcross quad 2 69.69 231.77 2.70 
Ave quad 1 9.60 6.08 0.36 
Bet b's 1 129.78 457.46* 5.04 
Population-cross lin 1 1264.85** 5400.24** 12.20 
Population-cross quad 1 37.31 226.64 17.42 
Intercept 1 720.94** 3625.19** 0.26 
Residual 7 20.69 87.12 17.33 
Checks 2 7209.88** 10748.74** 101.92* 
Populations ^  Checks 1 1709.98** 642.79* 1.84 
Error 84 56.91 94.70 26.57 
Total 109 
C.V. (%) 57,2 45.6 226.0 
Table A12. Means and linear and quadratic regression coefficients for field stalk and root quality 
of BSl populations grown at Ankeny, 1981 
Cycle of selection Regression coefficient 
Entry Trait 0 1 2 3 to b q 
BSIMS Stalk 14.1 3.4 2.5 7.1 13.80 -13.60±(4.60) 3.82±(1.57) 
BSISR lodging (%) 14.1 7.4 6.7 1.2 12.54 -3.64±(1.20) 0.35±(1.57) 
BSIMSx(Os420x187-2) 21.5 16.0 13.7 12.0 25.25 -3.85±(1.24) 1.06+(1.57) 
BSlSRx(0s420xl87-2) 21.5 25.0 18.6 14.3 25.25 -2.04±(1.24) -2.04±(1.57) 
BSlMSxBSlSR 14.1 12.4 7.7 1.2 12.54 -3.13±(1.20) -1.27±(1.57) 
BSIMS Field stalk 25.0 3.7 5.1 7.1 23.59 -22.40±(5.92) 5.76+(2.02) 
BSISR rot (%) 25.0 8.9 10.5 3.6 18.74 -5.12±(1.55) 2.27±(2.02) 
BSlMSx(Os420xl87-2) 40.4 28.4 26.1 26.3 40.52 -5.97±(1.60) 3.29±(2.03) 
BSlSRx(Os420xl87-2) 40.4 47.9 36.6 35.0 40.52 -1.22±(1.60) -2.51±(2.03) 
BSlMSxBSlSR 25.0 8.9 5.2 2.5 18.74 -6.12±(1.55) 3.13±(2.02) 
BSIMS Root 1.8 2.5 1.7 7.1 2.40 0.90±(0.82) 1.22±(1.07) 
BSISR lodging (%) 1.8 3.8 0.0 0.0 2.40 -0.76+(0.82) -0.48±(1.07) 
BSlMSx(Os420xl87-2) 1.8 2.5 1.3 3.3 2.22 0.13±(0.85) 0.40±(1.07) 
BSlSRx(Os420xl87-2) 1.8 4.9 0.0 2.6 2.22 -0.04+(0.85) -0.21±(1.07) 
BSlMSxBSlSR 1.8 4.1 1.4 0.0 2.40 -0.53±(0.82) -0.87±(1.07) 
Trait 
Stalk lodging Field stalk rot Root lodging 
Checks (%) (%) (%) 
Os420xl87-2 
Bl4AxOh41 
B14AxC103 
66.9 
2.4 
0.0 
80.9 
0.0 
1.2 
7.8 
0.0 
0.0 
Table Âl3. Analyses of variance for yield and yield components of BSl 
populations and three single-cross checks grown at Ames, 1980 
Source d.f. Yield 
Ears 
per 
plant* 
Ear 
diam­
eter® 
Replications 4 123.32 0.66 6.54 
Entries 21 464.88** 1.48 11.20** 
Populations 18 374.09** 1.67 11.60** 
Population lln 2 2052.61** 4.22* 57.72** 
Ave lln 1 4071.10** 6.14* 115.44** 
Bet b's 1 34.12 2.30 0.00 
Population quad 2 66.17 1.34 3.22 
Ave quad 1 130.60 1.95 6.40 
Bet b's 1 1.74 0.73 0.04 
Testcross lln 2 66.92 2.12 10.78** 
Ave lln 1 43.34 4.25 8.35 
Bet b's 1 90.50 0.00 13.21* 
Testcross quad 2 246.18* 0.85 4.22 
Ave quad 1 492.36* 1.60 8.10 
Bet b's 1 0.00 0.10 0.34 
Population-cross lln 1 561.26** 0.70 37.35** 
Population-cross quad 1 0.33 0.10 0.10 
Intercept 1 124.23 6.70* 1.80 
Residual 7 169.15* 0.78 2.51 
Checks 2 924.11** 0.46 7.46* 
Populations vs Checks 1 1180.64** 0.10 11.48* 
Error 84 76.25 1.14 2.18 
Total 109 
C.V. (%) 13.2 11.0 3.3 
^ean squares were multiplied by 10^. 
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Mean sqùarës 
Shel­
Kernel Ear Kernel ling Kernel 
rows length depth percentage weight 
1.29 1.39 1.24 0.57 43.68 
2.13** 8.82** 1.06** 2.55 257.26** 
1.42** 5.22** 0.70* 2.31 81.05** 
3.16** 23.66** 1.67* 3.13 13.92 
5.84** 45.28** 3.13** 5.66 1.86 
0.48 2.04 0.21 0.60 25.98 
0.71 0.56 0.42 6.28* 20.70 
0.29 0.10 0.75 0.02 36.90 
1.13 1.02 0.09 12.54** 4.50 
1.21 5.37* 0.98 1.32 221.76** 
2.41 10.06* 0.16 0.65 413.99** 
0.01 0.68 1.80** 1.99 29.53 
0.52 4.68 0.43 1.23 48.80 
0.84 0.09 0.84 2.30 13.80 
0.20 9.27* 0.02 0.16 83.80 
10.80** 6.92* 1.41 0.04 512.62** 
0.14 0.26 0.04 0.43 1.99 
2.04* 0.78 1.31 1.96 143.51* 
0.19 2.49 0.40 2.18 27.20 
5.99** 9.90** 4.86** 3.68 1621.64** 
7.19** 71.46** 0.00 4.61 700.28** 
0.39 1.64 0.39 1.62 27.91 
3.9 6.8 7.0 1.5 5.7 
Table Â14. Means and linear and quadratic regression coefficients for yield and yield components of 
BSl populations grown at Ames, 1980 
Cycle of selection Regression coefficient 
Entry Trait 0 1 2 3 
"o "A 
b q 
BSIMS Yield (q/ha) 69.6 62.5 59.8 44.5 72.10 -8.35±(1.39) -1.57±(1.82) 
BSISR 69.6 72.7 53.6 49.9 72.10 -7.36±(1.39) -1.93±(1.82) 
BSlMSx(Os420xl87-2) 64.4 75.4 72.0 69.7 68.07 1.43±(1.44) -3.51±(1.82) 
BSlSRx(Os420xl87-2) 64.4 69.7 72.9 63.5 68.07 -0.17±(1.44) -3.51±(1.82) 
BSlMSxBSlSR 69.6 70.0 60.3 61.2 72.10 -4.18±(1.39) 0.12±(1.82) 
BSIMS Ears per 10.3 9.8 9.4 8.4 10.55 -0.68±(0.17) -0.11±(0.22) 
BSISR plant 10.3 10.8 9.8 9.0 10.55 -0.42±(0.17) -0.34±(0.22) 
BSlMSx(Os420xl87-2) (times 10) 9.4 9.8 9.8 9.2 9.61 -0.05±(0.17) -0.24±(0.22) 
BSlSRx(0s420x187-2) 9.4 9.8 9.6 9.4 9.61 -0.03±(0.17) -0.151(0.22) 
BSlMSxBSlSR 10.3 10.2 10.0 10.0 10.55 -0.31±(0.17) -0.07±(0.22) 
BSIMS Ear diameter 4.5 4.4 4.4 4.1 4.53 -0.11±(0.02) -0.04±(0.03) 
BSISR (cm) 4.5 4.5 4.3 4.2 4.53 -0.11±(0.02) -0.04±(0.03) 
BSlMSx(Os420xl87-2) 4.5 4.7 4.6 4.6 4.48 0.02±(0.02) -0.04±(0.03) 
BSlSRx(Os420xl87-2) 4.5 4.5 4.7 4.4 4.48 -0.04±(0.02) -0.05±(0.03) 
BSlMSxBSlSR 4.5 4.4 4.4 4.3 4.53 -0.08±(0.02) -0.01±(0.03) 
BSIMS Kernel rows 15.5 15.6 15.3 15.0 16.14 -0.40±(0.10) 0.05±(0.13) 
BSISR 15.5 16.5 15.5 15.1 16.14 -0.28±(0.10) -0.24±(0.13) 
BSlMSx(Os420xl87-2) 16.5 16.2 15.9 15.3 16.66 -0.43±(0.10) -0.08+(0.13) 
BSlSRx(Os420xl87-2) 16.5 16.5 16.0 15.2 16.66 -0.42±(0.10) -0.21±(0.13) 
BSlMSxBSlSR 15.5 15.8 15.5 15.0 16.14 -0.36±(0.10) -0.08±(0.13) 
BSIMS Ear length 18.9 18.3 17.6 16.2 19.01 -0.84+(0.20) -0.17±(0.27) 
BSISR (cm) 18.9 18.6 17.4 17.5 19.01 -0.59±(0.20) 0.10±(0.27) 
BSlMSx(0s420x187-2) 18.8 17.6 19.4 19.6 18.69 0.23+(0.21) 0.37±(0.27) 
BSlSRx(0s420xl87-2) 18.8 19.4 20.3 19.1 18.69 0.37+(0.21) -0.46±(0.27) 
BSlMSxBSlSR 18.9 18.8 17.6 18.0 19.01 -0.44±(0.20) 0.11±(0.27) 
Table A14. Continued 
Cycle of selection Regression coefficient 
Entry Trait 0 1 2 3 b ( ) b q 
BSIMS Kernel 9.1 9 .0 8 .8 8. 0 9. 20 -0.33±(0.10) -0.17±(0. 13) 
BSISR depth (mm) 9.1 9, .0 8 .8 8. 4 9. 20 -0.25+(0.10) -0.08+(0. 13) 
BSlMSx(Os420xl87-2) 8.7 9, .2 9 .3 9. 2 8. 78 0.20±(0.10) -0.17±(0. 13) 
BSlSRx(Os420x187-2) 8.7 8, .5 9, .2 8. 5 8. 78 -0.03±(0.10) -0.12±(0. 13) 
BSlMSxBSlSR 9.1 8. 8 8, .6 8. 5 9. 20 -0.25±(0.10) 0.04±(0. 13) 
BSIMS Shelling 84.1 83. 5 84. 4 81. 8 84. 02 -0.44±(0.20) -0.44±(0. 26) 
BSISR percentage 84.1 83. -0 82, .8 83. 7 84. 11 -1.70±(0.78) 0.52±(0. 26) 
BSlMSx(0s420x187-2) (%) 83.2 84. 3 83, .8 83. 7 83. 51 0.14±(0.21) -0.29±(0. 26) 
BSlSRx(Os420xl87-2) 83.2 83. 5 83, .6 83. 0 83. 51 -0.10±(0.21) -0.19±(0. 26) 
BSlMSxBSlSR 84.1 84. 4 82. ,9 84. 0 84. 02 -0.13±(0.20) 0.14±(0. 26) 
BSIMS Kernel 87.4 90. 6 90. 9 88. 9 88. 46 0.60±(0.84) -1.18±(1. 10) 
BSISR weight (g) 87.4 92, .6 89. ,9 92. 9 88. 46 1.46±(0.84) -0.61±(1. 10) 
BSlMSx(Os420xl87-2) 83.1 94. 8 91. ,7 96. 8 84. 13 4.57±(0.87) -1.83±(1. 10) 
BSlSRx(Os420xl87-2) 83.1 85. .6 91. 4 95. 8 94. 13 3.65+(0.87) 0.65±(1. 10) 
BSlMSxBSlSR 87.4 90. 2 92. 5 96. 2 88. 46 2.36±(0.84) 0.29±(1. 10) 
Table A15. Analyses of variance for yield and yield components of BSl 
populations and three single-cross checks grown at Ankeny, 1980 
Source. d.f. Yield 
Ears 
per 
plant® 
Ear 
diam­
eter* 
Replications 4 160.54 0.94 4.67 
Entries 21 845.78** 3.85** 29.95** 
Populations 18 845.37** 4.56** 29.66** 
Population lin 2 4226.28** 30.32** 96.62** 
Ave lin 1 7511.04** 38.30** 190.65** 
Bet b's 1 941.52** 22.34** 2.59 
Population quad 2 47.50 2.30 1.72 
Ave quad 1 44.54 1.95 2.85 
Bet b's 1 50.46 2.65 0.59 
Testcross lin 2 714.96** 0.12 53.25** 
Ave lin 1 1235.32** 0.24 91.35** 
Bet b's 1 194.60 0.00 15.15** 
Testcross quad 2 192.37 1.45 2.90 
Ave quad 1 14.70 0.90 3.00 
Bet b's 1 370.04* 2.00 2.80 
Population-cross lin 1 2475.08** 5.35* 79.65** 
Population-cross quad 1 170.77 0.20 0.02 
Intercept 1 963.44** 1.20 91.65** 
Residual 7 177.86* 1.01 7.65* 
Checks 2 498.04** 0.20 30.46** 
Populations ys Checks 1 1548.64** 0.00 34.15** 
Error 84 72.57 1.15 3.34 
Total 109 
C.V. (%) 14.1 11.5 4.1 
^ean squares were multiplied by 10^. 
216b 
Shel­
Kernel Ear Kernel ling Kernel 
rows length depth percentage weight 
0.10 0.44 1.32 59.36 12.94 
3.17** 11.10** 3.27** 72.08 131.61** 
2.25** 8.35** 3.44** 82.95 70.52** 
5.37** 30.51** 12.48** 15.56 99.21* 
10.72** 59.60** 22.10** 1.03 19.64 
0.02 1.42 2.86* 30.09 178.78* 
0.29 0.43 0.75 4.67 0.34 
0.40 0.86 1.21 2.10 0.56 
0.18 0.00 0.29 7.24 0.12 
0.56 11.79** 7.50** 10.58 285.60** 
0.54 22.74** 13.02** 2.07 568.88** 
0.58 0.84 1.08 19.09 2.32 
1.71* 0.23 0.70 251.49* 10.60 
1.74 0.05 0.36 314.16* 6.56 
1.68 0.41 1.04 188.82 14.64 
13.86** 20.78** 6.84** 1.08 127.86* 
0.05 1.14 0.05 6.68 102.00 
5.78** 25.25** 6.23** 78.05 25.51 
0.71 2.46 0.85 120.26 31.79 
8.55** 7.94* 2.82* 5.09 133.14* 
8.97** 66.92** 1.11 10.40 1228.17** 
0.51 1.73 0.77 64.03 27.47 
4.6 7.0 10.7 9.8 5.7 
Table A16. Means and linear and quadratic regression coefficients for yield and yield components of 
BSl populations grown at Ankeny, 1980 
Cycle of selection Regression coefficient 
Entry Trait 0 L 2 3 b 
< 0 b q 
BSIMS Yield (q/ha) 60 .4 56 .6 40, .5 30, .4 60 .59 -9.63±(1, ,36) -1.59±(1.77) 
BSISR 60 .4 60 .6 46, .8 49, .0 60 .59 -4.44±(1, ,36) 0.34±(1.77) 
BSlMSx(Os420xl87-2) 72 .7 75, .2 75. 1 69. 7 71 .82 0.26±(1. ,40) -2.00±(1.78) 
BSlSRx(0s420x187-2) 72 .7 64, .0 65. ,0 69. 2 71 .82 -2.10±(1, ,40) 3.22±(1.78) 
BSlMSxBSlSR 60 .4 49. 7 50. ,1 48. .6 60 .59 -4.84±(1. 36) 2.72±(1.77) 
BSIMS Ears per 10. 0 9. ,0 8. 6 5. 8 10 .09 -1.21±(0. 17) -0.42±(0.22) 
BSISR plant 10, .0 9. 8 9. 0 9. 0 10 .09 -0.41±(0. 17) 0.02±(0.22) 
BSIMSx(0s420xl87-2) (times 10) 9. 5 10, ,4 9. 6 9. 2 9 .69 -0.07±(0. 17) -0.34±(0.22) 
BSlSRx(Os420xl87-2) 9. 5 9. ,4 9. 6 9. 6 9 .69 -0.05±(0. 17) 0.04±(0.22) 
BSlMSxBSlSR 10. 0 9. 4 9. 2 9. 0 10 .09 -0.41±(0. 17) 0.09±(0.22) 
BSIMS Ear diameter 4. 2 4. 3 4. 0 4. ,1 4. 27 -0.08±(0. 03) -0.02±(0.04) 
BSISR (cm) 4. 2 4. 4 4. 1 4. 1 4. ,27 -0.05±(0. 03) -0.04±(0.04) 
BSlMSx(Os420xl87-2) 4, 6 4. 8 4. 6 4. 6 4. 62 0.02±(0. 03) -0.05±(0.04) 
BSlSRx(Os420xl87-2) 4. 6 4. 6 4. 5 4. 5 4. 62 -0.05+(0. 03) 0.00±(0.04) 
BSlMSxBSlSR 4. 2 4. 2 4. 2 4. 1 4. 27 -0.06±(0. 03) 0.00±(0.04) 
BSIMS Kernel rows 15. 6 15. 4 14. 5 15. 1 15. 67 -0.29±(0. 11) 0.15±(0.15) 
BSISR 15. 6 15. 8 14. 7 15. 0 15. 67 -0.26±(0. 11) 0.03±(0.15) 
BSlMSx (Os420xl87-2) 16. 8 16. 1 16. 4 15. 8 16. ,54 -0.21±(0. 12) 0.03±(0.15) 
BSlSRx(0s420x187-2) 16. 8 15. 7 15. 4 16. 0 16. ,74 -1.42±(0. 44) 0.38±(0.15) 
BSlMSxBSlSR 15. .6 15. 7 14. 8 14. 6 15. ,67 -0.36±(0. 11) -0.05±(0.15) 
BSIMS Ear length 18. 0 17. 7 16. 2 16. 7 17, 87 -0.50±(0. 21) 0.19±(0.27) 
BSISR (cm) 18. 0 17. 7 16. 8 17. 2 17. 87 -0.30±(0. 21) 0.17+(0.27) 
BSlMSx(Os420xl87-2) 19. 7 19. 4 20. 2 19. 3 19. 69 -0.02±(0. 22) -0.12+(0.27) 
BSlSRx(Os420xl87-2) 19. 7 19. 5 19. 1 19. 3 19. 69 -0.18±(0. 22) 0.05±(0.27) 
BSlMSxBSlSR 18. 0 17. 1 17. 3 17. 1 17. 87 -0.29±(0. 21) 0.22±(0.27) 
Table Âl6. Continued 
Cycle of selection Regression coefficient 
Entry Trait 0 ] L 2 3 ) "A 
BSIMS Kernel 7.7 8. ,3 7 .0 6 .6 10. ,47 -1.47±(0.14) -0.24±(0.18) 
BSISR depth (mm) 7.7 8. ,2 7 .6 7 .6 10. ,47 -0.15±(0.14) -0.09±(0.18) 
BSlMSx(Os420xl87-2) 8.7 10. 0 9 .2 9 .3 8. 87 0.19±(0.14) -0.23±(0.18) 
BSlSRx(Os420xl87-2) 8.7 8. 6 8, .8 8, .8 8. 87 -0.05±(0.14) 0.04±(0.18) 
BSlMSxBSlSR 7.7 7. 7 7, .5 7 .5 10. 47 -1.27±(0.14) 0.05±(0.18) 
BSIMS Shelling 82.4 82. 8 81. 1 79, .3 82. 51 -0.88+(1.28) -0.51±(1.66) 
BSISR percentage 82.4 82. 6 82, ,0 83. 0 82. 51 0.04+(1.28) 0.22±(1.66) 
BSlMSx(Os420xl87-2) (%) 83.7 65. 6 84. ,0 83, .4 82. 11 -12.63±(4.87) 4.67±(1.67) 
BSlSRx(Os420xl87-2) 83,7 79. 7 82. 3 83. ,3 79. 31 1.31±(1.32) 0.941(1.67) 
BSlMSxBSlSR 82.4 82. 1 80. ,2 82. .1 82. 51 -0.44±(1.28) 0.54±(1.66) 
BSIMS Kernel 86.8 88. 2 84, ,1 87. ,3 85. 86 0.21±(0.84) 0.38±(1.09) 
BSISR weight (g) 86.8 88. 9 89. 9 93. 7 85. 86 2.47±(0.84) 0.47±(1.09) 
BSlMSx(0s420x187-2) 87.1 93. 7 91. 3 94. ,8 87. 79 2.47±(0.86) -0.92+(1.09) 
BSlSRx(Os420xl87-2) 87.1 88. 9 94. 0 95. 8 87. 79 2.73±(0.86) 0.11+(1.09) 
BSlMSxBSlSR 86.8 84. 9 87. 9 94. 0 85. 86 1.97±(0.84) 2.10±(1.09) 
Table Al7. Analyses of variance for yield and yield components of BSl 
populations and three single-cross checks grown at Ames, 1981 
Source d.f. Yield 
Ears 
per 
plant* 
Ear 
diam­
eter* 
Replications 4 58.81 0.70 0.58 
Entries 21 348.72** 1.26 11.92** 
Populations 18 300.48** 1.07 12.56** 
Population lin 2 1621.50** 1.30 73.60** 
Ave lln 1 3065.09** 0.99 139.40** 
Bet b's 1 177.91 1.61 7.80 
Population quad 2 38.20 0.45 1.02 
Ave quad 1 0.04 0.33 1.40 
Bet b's 1 76.36 0.57 0.64 
Testcross lln 2 242.52* 0.88 4.12 
Ave lln 1 480.14** 1.70 3.45 
Bet b's 1 4.90 0.06 4.79 
Testcross quad 2 5.30 0.05 2.30 
Ave quad 1 3.82 0.00 3.00 
Bet b's 1 6.78 0.10 1.60 
Population-cross lin 1 556.36** 0.55 43.20** 
Population-cross quad 1 296.89* 0.06 4.25 
Intercept 1 47.48 4.20 1.20 
Residual 7 98.98 1.31 2.19 
Checks 2 348.85** 0.20 6.06 
Populations vs Checks 1 1216.78** 6.80* 12.12* 
Error 84 51.09 1.08 2.25 
Total 109 
C.V. (%) 8.9 0.8 3.2 
^ean squares were multiplied by 10^. 
219b 
Shel­
Kernel Ear Kernel ling Kernel 
rows . . .  l e n g t h .  .  depth percentage weight 
0.05 0.21 1.26 1.18 53.58 
3.27** 8.19** 0.98 0.91 344.65** 
2.37** 3.88** 0.95 1.03 103.88** 
12.52** 19.22** 3.57* 0.45 32.06 
25.02** 38.42** 7.13** 0.65 0.34 
0.02 0.02 0.01 0.25 63.78 
0.11 0.16 1.23 1.96 62.44 
0.06 0.30 1.30 0.14 119.12* 
0.16 0.02 1.16 3.78 5.76 
0.45 5.53** 0.36 0.58 366.14** 
0.90 10.10** 0.56 0.18 730.18** 
0.00 0.96 0.16 0.98 2.10 
0.13 0.38 0.48 0.94 35.87 
0.26 0.68 0.93 0.93 33.49 
0.00 0.08 0.03 0.95 38.25 
10.19** 2.68 0.26 0.16 374.78** 
0.59 2.06 0.18 0.44 1.31 
0.06 10.28** 0.11 0.08 1.26 
0.77 0.61 0.75 1.43 71.49* 
6.54** 19.51** 1.46 0.15 1247.92** 
12.93** 63.13** 0.56 0.27 2871.97** 
0.37 0.69 0.74 1.48 29.75 
3.9 4.2 9.5 1.4 5.5 
Table Âl8. Means and linear and quadratic regression coefficients for yield and yield con^onents of 
BSl populations grown at Ames, 1981 
Cycle of selection Regression coefficient 
Entry Trait ( [) 1 2 3 b 
< 0 b q 
BSIMS Yield (q/ha) 76 .8 80 .3 72 .5 67 .9 80 .79 -3.98±(1.14) -1.69±(1.49) 
BSISR 76 .8 75 .6 63 .9 64 .6 80 .79 -6.23+(1.14) 0.68±(1.49) 
BSlMSx(Os420xl87-2) 83 .2 83 .5 85 .6 86 .1 83 .28 0.96±(1.18) 0.04±(1.49) 
BSlSRx(08420x187-2) 83 .2 83 .8 86 .1 84 .0 83 .28 0.59+(1.18) -0.66±(1.49) 
BSlMSxBSlSR 76 .8 88 .9 72 .4 70 .3 78 .79 7.21±(4.35) -3.58±(1.49) 
BSIMS Ears per 11, .2 11 .0 11 .4 11 .0 11 .19 -0.02±(0.17) -0.02+(0.22) 
BSISR plant 11, .2 10 .4 10. 8 10 .6 11 .19 -0.24±(0.17) 0.18±(0.22) 
BSlMSx(Os420xl87-2) (times 10) 10. ,5 10 .4 10 .4 10 .4 10 .45 -0.02±(0.17) 0.01±(0.22) 
BSlSRx(Os420xl87-2) 10, .5 10 .2 10. 8 10 .4 10 .45 0.02±(0.17) -0.01±(0.22) 
BSlMSxBSlSR 11. 2 11 .8 10, .0 10 .6 11. 19 -0.25±(0.17) -0.05±(0.22) 
BSIMS Ear diameter 4. ,7 4, .6 4. 5 4. 4 4. ,69 -0.11±(0.02) 0.00+(0.03) 
BSISR (cm) 4. 7 4, .6 4. 3 4. 3 4. ,69 -0.15±(0.02) 0.02±(0.03) 
BSlMSx(0s420x187-2) 4. ,7 4 .7 4. 8 4 .7 4. 73 0.00±(0.02) -0.01±(0.03) 
BSlSRx(Os420xl87-2) 4. 7 4. 8 4. 7 4. 6 4. ,73 -0.04±(0.02) -0.04+(0.03) 
BSlMSxBSlSR 4. 7 4, .7 4. 5 4. 4 4. ,69 -0.09±(0.02) -0.04+(0.03) 
BSIMS Kernel rows 16. 1 15. 2 15. 0 14. 3 16. ,22 -0.66±(0.10) 0.07±(0.13) 
BSISR 16. ,1 16. 1 14, ,5 14. 4 16. 22 -0.63±(0.10) -0.04±(0.13) 
BSlMSx(Os420xl87-2) 16. 3 15. 8 16. ,2 15. 4 16. 31 -0.25+(0.10) -0.07+(0.13) 
BSlSRx(Os420xl87-2) 16. 3 16. ,2 15, 8 15. 4 16. ,31 -0.26±(0.10) -0.09+(0.13) 
BSlMSxBSlSR 16. 1 16. 4 15. ,2 14. 8 16. 22 -0.44±(0.10) -0.16±(0.13) 
BSIMS Ear length 18. 9 18. ,9 18. 7 18. 0 19. 17 -0.33±(0.13) -0.14±(0.17) 
BSISR (cm) 18. 9 19. ,0 18. 6 18. ,2 19. 17 -0.32±(0.13) -0.12±(0.17) 
BSlMSx(Os420xl87-2) 20. 2 20. 6 20. 0 20. ,1 20. 33 -0.08+(0.13) -0.09±(0.17) 
BSlSRx(Os420xl87-2) 20. 2 20. ,1 21. 2 20. 2 20. 33 0.09±(0.13) -0.17±(0.17) 
BSlMSxBSlSR 18. 9 19. ,7 19. 3 18. 9 19. 17 0.00±(0.13) -0.30±(0.17) 
Table Âl8. Continued 
Cycle of selection Regression coefficient 
Entry Trait 0 1 I  3 
BSIMS Kernel 9.4 9.0 8. 8 8, .4 9, .37 -0.33±(0. 14) 0.02+(0. 18) 
BSISR depth (mm) 9.4 9.2 7. 7 8 .9 9 .37 -0.35±(0. 14) 0.31±(0, .18) 
BSiMSx(Os420xl87-2) 9.2 9.0 9. 6 8. .9 9, .25 -0.04±(0. 14) -0.13+(0, .18) 
BSlSRx(Os420xl87-2) 9.2 9.3 9. 2 8. 7 9. 25 -0.11±(0. 14) -0.18±(0, .18) 
BSlMSxBSlSR 9.4 9.4 9. 3 8 .9 9. 37 -0.10±(0. 14) -0.09±(0. 18) 
BSIMS Shelling 83.4 84.1 83. 8 83, .0 83, .65 -0.10±(0. 19) -0.34±(0. 25) 
BSISR percentage 83.4 83.5 83. 1 84. 0 83. 65 -0.02±(0. 19) 0.19±(0. 25) 
BSlMSx(Os420xl87-2) (%) 83.9 83.5 84. 2 83. 7 83. 75 0.03±(0. 20) 0.02±(0. 25) 
BSlSRx(Os420xl87-2) 83.9 83.9 82. 6 83. 9 83. ,75 -0.13±(0. 20) 0.28+(0. 25) 
BSlMSxBSlSR 83.4 84.4 83. 4 83. 9 83. ,65 0.08±(0. 19) -0.14±(0. 25) 
BSIMS Kernel 89.9 101.5 91. 7 96. 0 92. ,35 1.34±(0. 87) -1.98±(1. ,13) 
BSISR weight (g) 89.9 99.4 96. 1 100. ,1 92. ,35 2.70±(0. 87) -1.32+(1. ,13) 
BSlMSx(Os420xl87-2) 91.6 100.3 99. 7 101. 8 92. 76 3.48±(0. 90) -1.75±(1. 14) 
BSlSRx(0s420x187-2) 91.6 96.0 100. 3 104. 1 92. 76 3.72±(0. 90) -0.08±(1. 14) 
BSlMSxBSlSR 89.9 92.6 99. 0 101. 1 92. 35 2.84±(0. 87) 0.23±(1. 13) 
Table A19. Analyses of variance for yield and yield coiqponents of BSl 
populations and three single-cross checks grown at Ankeny, 1981 
Source d.f. Yield 
Ears 
per 
plant* 
Ear 
diam­
eter* 
Replications 4 363.80 1.30 3.86 
Entries 21 442.96** 1.62** 16.99** 
Populations 18 371.87** 1.86** 16.45** 
Population lln 2 1875.14** 1.55 103.75** 
Ave lln 1 3397.34** 2.55* 189.35** 
Bet b's 1 352.94* 0.55 18.15* 
Population quad 2 488.57** 3.28** 3.20 
Ave quad 1 285.06 3.80** 0.00 
Bet b's 1 692.08* 2.76* 6.40 
Testcross lln 2 225.01 8.02** 8.10 
Ave lln 1 170.20 14.85** 0.45 
Bet b's 1 279.82 1.19 15.75* 
Testcross quad 2 201.42 0.32 0.55 
Ave quad 1 383.92* 0.60 0.40 
Bet b's 1 18.92 0.04 0.70 
Population-cross lln 1 774.20** 0.35 22.70** 
Population-cross quad 1 20.76 0.02 0.01 
Intercept 1 0.55 4.00** 18.00* 
Residual 7 45.41 0.35 3.51 
Checks 2 740.92** 0.20 4.86 
Populations vs Checks 1 1126.66** 0.14 50.97** 
Error 84 75.51 0.54 3.03 
Total 109 
C.V. (%) 11.6 7.3 3.8 
^ean squares were multiplied by 10^. 
222b 
Mean squares 
Shel­
Kernel Ear Kernel ling Kernel 
rows length depth percentage weight 
0.83 2.38 0.62 9.16 43.28 
2.71** 7.50** 1.38** 9.44 401.04** 
2.08** 4.06** 1.22** 10.47 82.79** 
12.42** 16.66** 5.93** 1.60 0.85 
24.82** 32.90** 11.78** 1.64 0.98 
0.02 0.42 0.08 1.56 0.72 
0.61 0.34 2.34* 5.92 138.24* 
0.39 0.46 0.62 0.10 273.50** 
0.83 0.22 4.06** 11.74 2.98 
1.56** 4.80* 0.60 4.44 395.36** 
2.02* 1.21 0.28 7.81 477.22** 
1.10 8.39** 0.92 1.07 313.50** 
0.29 2.92 0.05 12.12 6.06 
0.02 2.07 0.10 24.18 11.88 
0.56 3.77 0.00 0.06 0.24 
3.86** 10.48** 0.13 16.74 2.14 
0.09 0.33 0.03 1.14 34.25 
0.31 7.98** 0.00 31.48* 1.47 
0.61 0.69 0.56 12.99 53.05 
6.60** 15.16** 3.16** 4.84 2816.82** 
6.27** 54.10** 0.70 0.10 1297.98** 
0.32 1.07 0.57 6.96 41.32 
3.7 5.5 8.3 3.1 6.4 
Table A20. Means and linear and quadratic regression coefficients for yield and yield components of 
BSl populations grown at Ankeny, 1981 
Cycle of selection Regression coefficient 
Entry Trait 0 1 2 3 
"o *^9 
BSIMS Yield (q/ha) 76.2 83.4 72.7 55.0 76.43 11.64±(5.29) -6.32±(1.81) 
BSISR 76.2 65.0 62.3 53.3 79.23 -8.99+(1.39) 0.82±(1.81) 
BSlMSx(Os420xl87-2) 77.1 77.6 82.3 72.6 79.50 -1.21±(1.43) -2.51±(1.81) 
BS1SRX(08420X187-2) 77.1 78.2 76.5 63.1 76.40 6.78±(5.31) -3.69±(1.81) 
BSlMSxBSlSR 76.2 77.3 70.0 67.8 79.23 -3.91±(1.39) -0.95±(1.81) 
BSIMS Ears per 10.7 11.0 10.8 9.0 10.62 1.07±(0.45) -0.53±(0.15) 
BSISR plant 10.7 10.2 10.0 9.2 10.90 -0.54+(0.12) -0.08+(0.15) 
BSlMSx(Os420xl87-2) (times 10) 10.1 9.6 10.0 8.8 10.18 -0.36±(0.12) -0.15+(0.15) 
BSlSRx(Os420xl87-2) 10.1 10.2 9.8 9.6 10.18 -0.18+(0.12) -0.09±(0.15) 
BSlMSxBSlSR 10.7 10.4 10.6 10.2 10.90 -0.23+(0.12) -0.03±(0.15) 
BSIMS Ear diameter 4.5 4.6 4.3 4.3 4.54 -0.09±(0.03) -0.04±(0.04) 
BSISR (cm) 4.5 4.4 4.2 4.1 4.54 -0.16±(0.03) 0.03±(0.04) 
BSlMSx(08420x187-2) 4.7 4.7 4.6 4.7 4.70 -0.01±(0.03) 0.02±(0.04) 
BSlSRx(Os420xl87-2) 4.7 4.5 4.6 4,4 4.70 -0.08+(0.03) 0.00±(0.04) 
BSlMSxBSlSR 4.5 4.6 4.4 4.5 4.54 -0.04±(0.03) 0.00±(0.04) 
BSIMS Kernel rows 15.6 15.0 14.7 13.8 15.67 -0.58±(0.09) -0.04±(0.12) 
BSISR 15.6 15.2 13.8 14.3 15.67 -0.60+(0.09) 0.21+(0.12) 
BSIMSx(Os420xl87-2) 16.0 15.0 15.4 14.9 15.87 -0.33±(0.09) 0.13±(0.12) 
BSlSRx(Os420xl87-2) 16.0 15.6 15.7 15.0 15.87 -0.23±(0.09) -0.08±(0.12) 
BSlMSxBSlSR 15.6 15.8 15.0 14.9 15.67 -0.24±(0.09) -0.06±(0.12) 
BSIMS Ear length 18.4 18.3 17.8 16.9 18.60 -0.51±(0.16) -0.19±(0.22) 
BSISR (cm) 18.4 18.8 17.3 17.6 18.60 -0.40±(0.16) -0.06±(0.22) 
BSlMSx(Os420xl87-2) 19.4 19.2 19.7 19.6 19.62 -0.01±(0.17) 0.04±(0.22) 
BSlSRx(Os420xl87-2) 19.4 19.6 19.3 17.5 19.62 -0.50±(0.17) -0.49±(0.22) 
BSlMSxBSlSR 18.4 18.4 18.2 17.2 18.60 -0.26±(0.16) -0.12±(0.22) 
Table A20. Continued 
Cycle of selection Regression coefficient 
Entry Trait 0 1 2 3 to "A b q 
BSIMS Kernel 9.2 9.8 8.9 7.9 9.25 0.69±(0.46) -0.39±(0.16) 
BSISR depth (mm) 9.2 8.5 8.5 8.3 9.33 -0.40±(0.12) 0.16±(0.16) 
BSlMSx(Os420xl87-2) 9.4 9.2 9.4 9.4 9.34 0.01±(0.12) 0.05±(0.16) 
BS1SRX(08420X187-2) 9.4 8.8 9.3 8.8 9.34 -0.15±(0.12) 0.05±(0.16) 
BSlMSxBSlSR 9.2 9.6 8.8 9.4 9.33 -0.05±(0.12) 0.04±(0.16) 
BSIMS Shelling 84.7 83.9 85.4 83.0 84.29 -0.14+(0.42) -0.38+(0.55) 
BSISR percentage 84.7 81.8 84.4 83.4 84.29 -0.35±(0.42) 0.55±(0.55) 
BS1MSX(08420X187-2) (%) 81.4 84.1 85.1 84.5 82.26 1.02±(0.43) -0.81±(0.55) 
BSlSRx(Os420xl87-2) 81.4 84.1 84.4 84.2 82.26 0.85±(0.43) -0.74±(0.55) 
BSlMSxBSlSR 84.7 84.9 83.7 85.3 84.29 0.18±(0.42) 0.22±(0.55) 
BSIMS Kernel 94.3 104.1 97.5 97.4 96.52 0.86±(1.02) -2.61±(1.34) 
BSISR weight (g) 94.3 100.2 99.7 96.5 96.52 0.72+(1.02) -2.14±(1.34) 
BSlMSx(Os420xl87-2) 96.9 102.9 103.3 107.9 96.96 3.66±(1.06) -0.61+(1.34) 
BS1SRX(08420X187-2) 96.9 93.7 103.1 97.1 96.96 0.67±(1.06) -0.48±(1.34) 
BSlMSxBSlSR 94.3 94.0 94.3 98.3 96.52 -0.12±(1.02) 1.221(1.34) 
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Table Â21. Means for yield and yield components of three single-cross 
checks grown at Ames and Ankeny, 1980 and 1981 
Check 
0s420x Bl4Ax B14Ax 
Trait Year Location 187-2 Oh41 C103 
Yield (q/ha) 1980 Ames 62.1 88.8 71.3 
Ankeny 80.9 61.7 66.6 
1981 Ames 86.8 96.7 80.1 
Ankeny 70.6 94.5 78.2 
Ears per plant 1980 Ames 9.6 10.0 9.4 
(times 10) Ankeny 9.2 9.6 9.4 
1981 Ames 10.0 10.2 9.8 
Ankeny 10.0 10.2 9.8 
Ear diameter (cm) 1980 Ames 4.4 4.7 4.5 
Ankeny 4.8 4.3 4.4 
1981 Ames 4.7 4.8 4.6 
Ankeny 4.6 4.8 4.6 
Kernel rows 1980 Ames 16.3 14.5 14.3 
Ankeny 16.2 13.8 14.1 
1981 Ames 15.8 13.6 14.3 
Ankeny 15.8 13.8 13.8 
Ear length (cm) 1980 Ames 19.9 22.4 20.1 
Ankeny 21.8 20.5 19.2 
1981 Ames 21.2 23.8 20.0 
Ankeny 19.8 22.5 19.3 
Kernel depth (mm) 1980 Ames 7.8 9.8 9.1 
Ankeny 9.2 7.7 8.5 
1981 Ames 8.2 9.2 9.1 
Ankeny 8.5 10.0 9.4 
Shelling percentage 1980 Ames 82.3 83.9 82.6 
(%) Ankeny 83.2 81.1 82.3 
1981 Ames 83.7 83.8 84.0 
Ankeny 82.9 84.9 84.1 
Kernel weight (g) 1980 Ames 77.3 106.3 110.4 
Ankeny 93.9 100.5 104.1 
1981 Ames 94.3 116.4 124.9 
Ankeny 81.3 119.8 124.6 
Table Â22. Analyses of variance for maturity and plant traits measured 
on BSl populations at Ames, 1980 
Source d.f. Anthesls Silking 
Anthesls-
to-sllklng 
Replications 4 7.10 0.88 3.68 
Entries 21 6.19** 7.60** 2.23** 
Populations 18 3.18** 6.97** 1.53* 
Population lin 2 13.30** 36.95** 5.92** 
Ave lln 1 12.14** 35.82** 6.25** 
Bet b's 1 14.46** 38.08** 5.59* 
Population quad 2 0.17 0.50 0.30 
Ave quad 1 0.14 0.03 0.30 
Bet b's 1 0.20 0.97 0.30 
Testcross lln 2 3.83** 10.85** 3.38** 
Ave lln 1 6.95** 10.28** 0.32 
Bet b's 1 0.71 11.42** 6.44** 
Testcross quad 2 0.58 0.70 0.45 
Ave quad 1 1.00 1.22 0.02 
Bet b's 1 0.16 0.18 0.88 
Population-cross lln 1 1.78 1.32 0.03 
Population-cross quad 1 1.00 1.46 0.04 
Intercept 1 15.35** 11.68** 0.25 
Residual 7 0.48 1.86* 1.01 
Checks 2 29.87** 17.07** 4.27** 
Populations vs Checks 1 13.01** 0.00 10.75** 
Error 84 0.54 0.85 0.85 
Total 109 
C.V. (%) 7.1 7.3 37.6 
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Mean squares 
Major Minor Number Length 
stalk stalk Plant Ear of of 
diameter diameter height height intemodes Intemode 
2.84 0.94 193.42 154.84 0.53 1.38 
11.90** 9.45** 188.86** 172.35** 1.16** 1.43** 
12.33** 9.35** 174.60** 172.55** 0.52** 1.21** 
80.24** 57.68** 745.25** 716.64** 1.73** 5.77** 
0.06 0.16 393.45** 9.90 2.29** 10.22** 
160.42** 115.20** 1097.05** 1423.38** 1.17** 1.32** 
4.76* 3.55 64.62 59.62 0.00 0.40 
4.16 1.98 16.44 101.44 0.00 0.06 
5.36 5.12* 112.80 17.80 0.00 0.74* 
4.02 10.20** 343.82** 276.58** 0.80** 1.96** 
1.40 3.76 26.69 448.90** 1.19** 2.71** 
6.64* 16.64** 660.95** 104.26 0.41 1.21* 
2.50 2.17 3.20 2.06 0.05 0.17 
4.03 2.58 0.27 4.03 0.01 0.02 
0.97 1.76 6.13 0.09 0.09 0.32 
17.20** 11.05** 53.20 70.85 0.79* 0.26 
0.09 0.23 19.80 150.70 0.00 0.08 
0.06 1.24 37.80 208.49* 1.54** 3.72** 
3.08 1.22 102.60** 80.86 0.27* 0.15 
3.01 0.43 130.58* 255.69** 5.57** 4.03** 
21.94** 29.29** 562.10** 2.07 3.86** 0.19 
1.49 1.21 35.35 42.70 0.13 0.18 
4.0 4.1 2.6 5.4 2.6 2.6 
Table Â23. Means and linear and quadratic regression coefficients for maturity and plant traits of 
BSl populations grown at Ames, 1980 
Cycle of selection Regression coefficient 
Entry Trait 0 1 2 3 b 
o 
b q 
BSIMS Anthesis 10.4 10.8 11.4 11.6 10.62 0.34±(0.12) -0.03+(0.15) 
BSISR 10.4 10.6 10.0 9.6 10.62 -0.31±(0.12) -0.15±(0.15) 
BSlMSx(0s420xl87-2) 9.0 10.0 9.4 9.6 9.20 0.17+(0.12) -0.22±(0.15) 
BSlSRx(0s420xl87-2) 9.0 9.2 9.4 9.2 9.20 -0.03±(0.12) -0.08±(0.15) 
BSlMSxBSlSR 10.4 11.0 10.4 10.2 10.62 -0.09±(0.12) -0.21±(0.15) 
BSIMS Silking 12.9 13.0 15.0 15.4 13.03 0.79±(0.15) 0.12±(0.19) 
BSISR 12.9 13.2 12.4 12.2 13.03 -0.25±(0.15) -0.14±(0.19) 
BSlMSx(Os420xl87-2) 11.5 12.4 12.2 12.6 11.79 0.28±(0.15) -0.12±(0.19) 
BSlSRx(Os420xl87-2) 11.5 12.2 11.0 10.8 11.79 -0.30±(0.15) -0.234(0.19) 
BSlMSxBSlSR 12.9 13.6 12.8 12.6 13.03 -0.08±(0.15) -0.25±(0.19) 
BSIMS Anthesis-to- 2.5 2.2 3.6 3.8 2.41 0.45±(0.15) 0.15±(0.19) 
BSISR silking 2.5 2.6 2.4 2.6 2.41 0.05±(0.15) 0.00±(0.19) 
BSlMSx(Os420xl87-2) 2.5 2.4 2.8 3.0 2.59 0.10±(0.15) 0.10±(0.19) 
BSlSRx(Os420xl87-2) 2.5 3.0 1.6 1.6 2.59 -0.32±(0.15) -0.15±(0.19) 
BSlMSxBSlSR 2.5 2.6 2.4 2.4 2.41 0.01±(0.15) -0.04±(0.19) 
BSIMS Major stalk 29.7 30.0 33.0 33.0 29.40 1.34±(0.19) -0.01±(0.25) 
BSISR diameter 29.7 28.4 26.4 27.9 29.64 -2.50±(0.74) 0.62±(0.25) 
BSlMSx(Os420xl87-2) (mm) 29.2 30.5 31.0 30.5 29.49 0.50±(0.20) -0.45+(0.25) 
BSlSRx(Os420xl87-2) 29.2 29.5 30.0 29.5 29.49 0.06±(0.20) -0.18+(0.25) 
BSlMSxBSlSR 29.7 30.0 31.0 31.0 29.40 0.61±(0.19) -0.06±(0.25) 
BSIMS Minor stalk 25.7 27.0 27.9 29.0 25.38 1.24+(0.18) -0.07±(0.23) 
BSISR diameter 25.7 24.4 23.4 24.4 25.62 -2.06±(0.67) 0.54±(0.23) 
BSlMSx(Os420xl87-2) (mm) 25.6 26.4 27.9 26.9 25.78 0.60+(0.18) -0.43±(0.23) 
BSlSRx(08420x187-2) 25.6 25.4 25.9 25.4 25.78 -0.09±(0.18) -0.07±(0.23) 
BSlMSxBSlSR 25.7 25.4 26.9 26.9 25.38 0.55±(0.18) 0.10+(0.23) 
Table A23. Continued 
Cycle of selection Regression coefficient 
Entry Trait ( ) 1 2 i b 
o 
BSIMS Plant 220. 7 231 .2 225.4 227. 1 223, .03 1.79+(0.95) -2.201(1.24) 
BSISR height (cm) 220. 7 218 .1 213.9 213. 0 223 ,03 -3.81±(0.95) 0.681(1.24) 
BSlMSx(Os420xl87-2) 226, .5 226 .5 232.3 231. 9 220 .81 2.52+(0.98) -0.251(1.24) 
BSlSRx(Os420xl87-2) 226. ,5 217 .7 226.3 218. 6 220. 81 -1.83±(0.98) 0.421(1.24) 
BSlMSxBSlSR 220. 7 228 .7 223.6 227. 7 223, .03 1.48±(0.95) -0.921(1.24) 
BSIMS Ear height 119. 0 130 .8 124.3 126. ,1 123. 14 1.35±(1.04) -2.511(1.34) 
BSISR (cm) 119. 0 118 .1 114.8 106. 9 123. ,14 -5.03+(1.04) -1.361(1.34) 
BSlMSx(Os420xl87-2) 117. 9 119 .8 117.0 118. 6 117. 91 0.161(1.08) -0.281(1.36) 
BSlSRx(Os420xl87-2) 117. 9 113 .4 118.4 111. 7 117. ,91 -1.57±(1.08) -0.381(1.36) 
BSlMSxBSlSR 119. 0 130 .0 121.7 122. 6 123. 14 0.16±(1.04) -2.551(1.34) 
BSIMS Number of 13. 8 14 .3 14.1 14. 5 13. 95 0.151(0.06) 0.011(0.08) 
BSISR intemodes 13. 8 14 .1 13.8 13. 9 13. 95 -0.041(0.06) -0.021(0.08) 
BSlMSx(0s420x187-2) 13. 5 13 .6 13.6 13. 8 13. 50 0.081(0.06) 0.031(0.08) 
BSlSBx(Os420xl87-2) 13. 5 13. 4 13.7 13. 3 13. 50 -0.031(0.06) -0.061(0.08) 
BSlMSxBSlSR 13. 8 14 .3 13.8 14. 1 13. 95 0.041(0.06) -0.011(0.08) 
BSIMS Length of 15. 9 16. 2 16.0 15. 7 15. 99 -0.041(0.07) -0.161(0.09) 
BSISR intemode 15. 9 15. 5 15.5 15. 4 15. 99 -0.231(0.07) 0.071(0.09) 
BSlMSx(Os420xl87-2) (cm) 16. 8 16. 7 17.1 16. 8 16. 69 0.091(0.07) -0.051(0.09) 
BSlSRx(Os420xl87-2) 16. 8 16. 3 16.5 16. 5 16. 69 -0.101(0.07) 0.101(0.09) 
BSlMSxBSlSR 15. 9 16. ,0 16.2 16. 1 15. 99 0.071(0.07) -0.061(0.09) 
Table Â24. Analyses of variance for maturity and plant traits measured 
on BSl populations at Ames, 1981 
Anthesis-
Source d.f. Anthesls Silking to-silking 
Replications 4 3. 76 2. 19 2. 50 
Entries 21 13. 18** 8. 90** 1. 90 
Populations 18 10. 43** 8. 43** 1. 40 
Population lin 2 35. 17** 35. 90** 0. 01 
Ave lin 1 33. 30** 34. 76** 0. 02 
Bet b's 1 37. 04** 37. 04** 0. 00 
Population quad 2 2. 12 3. 29 3. 36 
Ave quad 1 3. 81 0. 04 3. 12 
Bet b's 1 0. 43 6. 54* 3. 60 
Testcross lin 2 21. 86** 7. 48** 3. 97* 
Ave lin 1 25. 14** 6. 71* 5. 87* 
Bet b's 1 18. 59** 8. 25* 2. 07 
Testcross quad 2 3. 42 2. 38 0, 12 
Ave quad 1 5. 62 4. 22 0. 10 
Bet b's 1 1. 22 0. 54 0. 14 
Population-cross lln 1 8. 18* 3. 26 1 12 
Population-cross quad 1 5. 98* 8. 22* 0. 18 
Intercept 1 21. 45** 7. 72* 3 44 
Residual 7 3 86* 4. 92** 0 .79 
Checks 2 36. 60** 11 .27** 7 .27** 
Populations vs Checks 1 15 .84** 12 .62** 0 .16 
Error 84 1 .47 1 .23 1 .14 
Total 109 
C.V. (%) 6 .8 5 .5 45 .1 
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Mean squares 
Major Minor Number Length 
stalk stalk Plant Ear of of 
diameter diameter height height Internodes internode 
2.14 2.73 700.80 133.47 0.32 4.36 
11.52** 4.87** 155.45** 174.39** 1.20** 0.76** 
10.04** 4.63** 134.33** 110.20** 0.63** 0.60** 
63.45** 15.22** 677.28** 547.93** 3.36** 1.20** 
2.28 1.64 4.18 111.64 2.46** 2.30** 
124.62** 28.80** 1350.38** 984.22** 4.26** 0.10 
3.21 5.22 95.10 15.10 0.38 1.29** 
2.54 0.20 49.96 28.86 0.12 0.01 
3.88 10.24* 140.24 1.34 0.64* 2.57** 
6.94* 2.82 156.02 169.54** 0.34 0.83* 
0.56 0.07 86.26 112.25 0.31 1.51* 
13.32* 5.57 225.78* 226.83** 0.37 0.15 
1.39 5.10 96.45 110.27* 0.05 0.75* 
2.58 5.80 166.87 59.05 0.09 1.46* 
0.20 4.40 26.03 161.49* 0.01 0.04 
2.90 3.66 117.00 47.20 0.89* 0.07 
4.60 5.96 40.98 77.96 0.05 0.48 
0.36 0.50 3.58 0.31 0.51 0.39 
3.27 2.86 29.52 24.64 0.23 0.24 
8.17* 3.87 226.05* 835.99** 5.88** 2.51** 
44.86** 11.19* 394.41** 6.61 2.10** 0.14 
2.17 2.14 52.10 31.22 0.16 0.24 
5.1 5.8 3.0 4.4 2.7 3.1 
Table Â25. Means and linear and quadratic regression coefficients for maturity and plant traits of 
6S1 populations grown at Âmes, 1981 
Cycle of selection Regression coefficient 
Entry Trait 0 1 2 3 b ( 0 
BSIMS Anthesls 17, .4 18 .6 20, .0 19 .8 18 .10 0.67±(0.19) -0.29±(0.25) 
BSISR 17, .4 18 .8 17, .2 16 .8 18 .10 -0.36±(0.19) -0.47±(0.25) 
BSlMSx(Os420xl87-2) 16, .1 17 .8 17, .2 17 .0 16 .04 1.84±(0.74) -0.52±(0.25) 
BSlSRx(Os420xl87-2) 16, .1 15 .4 16. 6 14 .8 16 .42 -0.39±(0.20) -0.22±(0.25) 
BSlMSxBSlSR 17, .4 19 .2 18. 2 18 .0 17 .55 1.62±(0.74) -0.51±(0.25) 
BSIMS Silking 19. 6 19 .6 22. 2 22 .8 20 .03 0.87±(0.18) 0.23±(0.23) 
BSISR 19. 6 21 .4 19. ,2 19 .4 19 .67 1.19±(0.68) -0.46±(0.23) 
BSIMSx(Os420xl87-2) 18. ,7 20 .4 19. ,4 19 .6 19 .03 0.27±(0.18) -0.42±(0.23) 
BSlSRx(0s420x187-2) 18. ,7 18 .4 19. ,4 18 .0 19, .03 -0.21±(0.18) -0.22+(0.23) 
BSlMSxBSlSR 19. ,6 21 .0 20. 6 19 .6 19 .67 1.74±(0.68) -0.60±(0.23) 
BSIMS Anthesls-to- 2. ,2 1 .0 2, ,2 3 .0 2. 13 -1.21±(0.65) 0.52±(0.22) 
BSISR sllking 2. 2 2 .6 2. 0 2 .6 1. 94 0.20±(0.17) 0.00+(0.22) 
BSlMSx(Os420xl87-2) 2. 6 2 .6 2. 2 2 .6 2, .61 -0.06±(0.18) 0.10±(0.22) 
BSlS8x(Os420xl87-2) 2. 6 3, .0 2. 8 3 .2 2. 61 0.18±(0.18) 0.00±(0.22) 
BSlMSxBSlSR 2. 2 1, .8 2. 4 1 .6 1. 94 -0.02±(0.17) -0.09±(0.22) 
BSIMS Major stalk 28. 4 29. 0 32. 5 30 .5 28. 69± 0.95±(0.24) -0.58±(0.31) 
BSISR diameter 28. 4 27, .4 26. 9 25, .9 28. 69± -0.94±(0.24) -0.04+(0.31) 
BSlMSx(Os420xl87-2) (mm) 28. 2 29, .0 29. 0 29 .0 28. 47± 0.211(0.24) -0.19±(0.31) 
BSlSRx(Os420xl87-2) 28. 2 28. 4 27. 9 26. 9 28. 47± -0.41±(0.24) -0.31±(0.31) 
BSlMSxBSlSR 28. 4 29. 0 28. 4 27, .4 28. 69± -0.29±(0.24) -0.45±(0.31) 
BSIMS Minor stalk 24. 6 24. 9 27. 4 25, .9 24. 56 0.72+(0.23) -0.44±(0.30) 
BSISR diameter 24. 6 22. 9 24. 4 24. 4 24. 56 -0.18±(0.23) 0.43+(0.30) 
BSlMSx(Os420xl87-2) (mm) 24. 4 25. 4 25. 4 25, .4 24. 82 0.25±(0.24) -0.25±(0.30) 
BSlSRx(Os420xl87-2) 24. 4 25. 4 24. 8 23. 9 24. 82 -0.15±(0.24) -0.51±(0.30) 
BSlMSxBSlSR 24. 6 25. 4 25. 9 24. 9 24. 56 0.32+(0.23) -0.51±(0.30) 
Table A25. Continued 
Cycle of selection Regression coefficient 
Entry Trait 0 1 I 3 b o b q 
BSIMS Plant 228. 9 238 .7 242. .2 239 .9 231 .15 3.99±(1.15) -2.90±(1 .50) 
BSISR height (cm) 228. 9 229 .3 224. 2 226 .0 231 .15 -2.22±(1.15) 0.32+(l .50) 
BSlMSx(Os420xl87--2) 228. 6 236 .4 239. 1 236 .1 230 .47 2.87±(1.19) -2.74±(1 .50) 
BSlSRx(0s420x187--2) 228. 6 231 .1 233. ,0 230 .1 230 .47 0.33±(1.19) -1.35±(1 .50) 
BSlMSxBSlSR 228. 9 235 .1 233. 8 234 .6 231 .15 1.40±(1.15) -1.33±(1 .50) 
BSIMS Ear height 122. 2 127 .9 133. 5 133 .5 124 .31 3.53±(0.89) -1.26±(1 .16) 
BSISR (cm) 122. 2 124 .8 119. ,8 118 .9 124 .31 -1.78±(0.89) -0.95±(1 .16) 
BSlMSx(Os420xl87--2) 122. 8 129 .4 127. 3 122 .4 122 .89 8.56±(3.42) -2.93+(l .16) 
BSlSRx(Os420xl87--2) 122. 8 120 .3 119. 4 118 .8 124 .11 -2.07±(0.92) 0.51±(1 .16) 
BSlMSxBSlSR 122. 2 128 .1 127. 0 125 .6 124 .31 0.94+(0.89) -1.84±(1 .16) 
BSIMS Number of 14. 7 15 .0 15. 2 15 .7 14 .76 0.30±(0.06) 0.06+(0 .08) 
BSISR internodes 14. 7 15 .2 14. 6 14 .5 14 .76 -0.05±(0.06) -0.15±(0 .08) 
BSlMSx(Os420xl87--2) 14. 5 14 .8 14. 4 14 .9 14 .50 0.09+(0.07) 0.03±(0 .08) 
BSlSRx(Os420xl87-•2) 14. 5 14 .3 14. 5 14 .5 14. .50 -0.01±(0.07) 0.06±(0. .08) 
BSlMSxBSlSR 14. 7 14. .8 14. 8 15 .1 14. .76 0.08±(0.06) 0.05±(0 .08) 
BSIMS Length of 15. 6 16. .0 15. 9 15. .2 15. .58 0.65±(0.30) -0.25±(0. ,10) 
BSISR Internode 15. 6 15. .1 15. 4 15. .6 15. .67 -0.10+(0.08) 0.18±(0. ,10) 
BSlMSx(Os420xl87- 2) (cm) 15. 7 16, .0 16. 6 15. .9 15. .71 0.74+(0.30) -0.22±(0. ,10) 
BSlSRx(Os420xl87-•2) 15. 7 16. .1 16. 1 15. .9 15. .90 0.04±(0.08) -0.16±(0. ,10) 
BSlMSxBSlSR 15. 6 15. .8 15. 8 15. .5 15. .67 0.01±(0.08) -0.14±(0. 10) 
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Table Â26. Means of plant and maturity traits of three single-cross 
checks grown at Ames, 1980 and 1981 
Check 
0s420x Bl4Ax B14Ax 
Trait Year 187-2 Oh41 C103 
Anthesis 1980 8.4 13.2 11.6 
1981 16.0 21.4 18.4 
Silking 1980 10.6 13.8 13.8 
1981 19.4 22.4 20.8 
Anthesis-to-sliking 1980 2.2 0.6 2.2 
1981 3.4 1.0 2.4 
Major stalk diameter (mm) 1980 30.5 32.0 31.5 
1981 29.0 30.5 31.5 
Minor stalk diameter (mm) 1980 27.4 27.9 27.4 
1981 25.4 25.4 26.9 
Plant height (cm) 1980 225.0 231.9 235.0 
1981 231.2 244.6 239.4 
Ear height (cm) 1980 114.4 127.9 117.1 
1981 119.1 138.5 114.0 
Number of intemodes 1980 13.2 15.1 14.9 
1981 14.0 16.1 15.5 
Length of intemodes (cm) 1980 17.1 15.4 15.8 
1981 16.5 15.2 15.5 
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Table A27. Analyses of variance for first generation com borer leaf feed­
ing and northern leaf blight ratings (Ames, 1980) 
Mean squares 
Source d.f. Leaf feeding Leaf blight 
Replications 4 0.47 0.06 
Entries 9 13.07** 3.83** 
Populations 7 0.38 0.53 
Linear regression 2 0.01 0.26 
Ave lin 1 0.00 0.01 
Bet b's 1 0.02 0.51 
Quadratic regression 2 0.23 0.05 
Ave quad 
Bet b's 
1 0.38 0.00 
1 0.08 0.10 
Residual 3 0.73 1.03* 
Checks 1 71.29** 10.61** 
Populations ^  Checks 1 43.68** 20.15** 
Error 36 0.40 0.25 
Total 
C.V. (%) 
49 
28.6 20.4 
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Table Â28. Analyses of variance for cavity counts and visual ratings for 
second generation com borer (Ankeny, 1980) 
Mean squares 
Cavity Visual 
Source d.f. counts rating 
Replications 
Entries 
Populations 
Linear regression 
Ave lln 
Bet b's 
Quadratic regression 
Ave quad 
Bet b's 
Residual 
Checks 
Population vs Checks 
Error 
4 
9 
36 
10.42 
47.92** 
7.49 
0.08 
0.08 
0.08 
1.95 
3.54 
0.36 
16.12* 
71.82** 
307.05** 
5.04 
0.49 
6.26** 
0.81 
0.26 
0.52 
0.00 
0.21 
0.24 
0.18 
1.58* 
50.62** 
0.05 
0.37 
Total 
C.V. (%) 
49 
16.1 9.0 
Table Â29. Means and linear and quadratic regression coefficients for leaf blight, second generation 
com borer (visual ratings and cavity counts), and first generation com borer (1980) 
Cycle of selection Regression coefficient 
Entry Trait 0 1 2 3 b 
o 
BSIMS 
BSISR 
Leaf blight (1 to 5) 2.36 
2.36 
2.30 
2.52 
1.80 
2.88 
2.26 
2.72 
2.36 
2.36 
-0.10+(0.08) 
0.17±(0.08) 
0.12+(0.10) 
-0.07±(0.10) 
BSIMS 
BSISR 
First generation 
com borer (1 to 9) 
1.52 
1.52 
2.22 
1.82 
2.04 
1.80 
1.52 
1.58 
1.54 
1.75 
0.91±(0.37) 
-0.03±(0.10) 
-0.31+(0.13) 
-0.13±(0.13) 
BSIMS 
BSISR 
Second generation 
corn borer (1 to 9) 
7.20 
7.20 
6.50 
6.90 
6.20 
6.50 
6.70 
6.40 
7.22 
7.04 
-1.08±(0.37) 
-0.23±(0.10) 
0.30+(0.13) 
0.05±(0.13) 
BSIMS 
BSISR 
Second generation 
com borer (cavity, 
cm) 
14.25 
14.25 
17.04 
16.94 
13.94 
15.36 
14.94 
14.52 
15.29 
15.29 
-0.14+(0.37) 
-0.04+(0.37) 
-0.48±(0.47) 
-0.851(0.47) 
' Trait 
First generation Second generation Second generation 
Leaf blight com borer corn borer corn borer 
Checks (1 to 5) (1 to 9) (1 to 9) (cavity, cm) 
Os420xl87-2 3.78 6.76 9.00 11.64 
B75xCI31A 1.72 1.42 
BS9C3 — — 4.50 6.28 
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Table Â30. Analyses of variance for cavity counts and visual ratings for 
second generation com borer (Ankeny, 1981) 
Mean squares 
Source d.f. 
Cavity 
counts 
Visual 
rating 
Replications 4 8.21 0.38 
Entries 9 36.41** 1.24 
Populations 7 6.71* 0.67 
Linear regression 2 1.26 0.17 
Ave lln 1 0.02 0.02 
Bet b's 1 2.50 0.32 
Quadratic regression 2 0.85 0.06 
Ave quad 1 1.69 0.08 
Bet b's 1 0.01 0.04 
Residual 3 14.25** 1.41 
Checks 1 79.52** 6.40** 
Populations vs Checks 1 201.20** 0.07 
Error 36 2.83 0.69 
Total 49 
C.V. (%) 15.6 10.8 
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Table Â31. Analyses of variance for first generation com borer leaf 
feeding and northern leaf blight ratings (Ames, 1981) 
Mean squares 
Source d.f. Leaf feeding H. turclcum 
Replications 4 0.73 0.58 
Entries 9 8.05** 1.75** 
Populations 7 1.41 0.55** 
Linear regression 2 0.53 0.36 
Ave lln 1 0.48 0.06 
Bet b's 1 0.58 0.66* 
Quadratic regression 2 0.13 0.00 
Ave quad 1 0.18 0.00 
Bet b's 1 0.08 0.00 
Residual 3 2.85* 1.04** 
Checks 1 28.90** 11.24** 
Populations Checks 1 33.68** 0.66* 
Error 36 0.86 0.13 
Total 
C.V. (%) 
49 
26.8 9.1 
Table Â32. Means and linear and quadratic regression coefficients for leaf blight, second generation 
com borer (visual ratings and cavity counts), and first generation com borer (1981) 
Cycle of selection Regression coefficient 
Entry Trait 0 1 2 3 
"o 
b* b Q 
BSIMS 
BSISR 
Leaf blight (1 to 5) 4.09 
4.09 
4.00 
4.16 
3.54 
4.24 
3.44 
4.34 
4.11 
4.11 
-0.23+(0.06) 
0.07±(0.06) 
-0.01±(0.08) 
0.01±(0.08) 
BSIMS 
BSISR 
First generation 
com borer (1 to 9) 
2.80 
2.80 
2.80 
3.20 
2.80 
2.80 
3.00 
4.20 
2.72 
2.72 
0.08±(0.15) 
0.36±(0.15) 
0.07+(0.19) 
0.23±(0.19) 
BSIMS 
BSISR 
Second generation 
com borer (1 to 9) 
7.60 
7.60 
7.40 
8.20 
7.60 
7.80 
7.20 
7.80 
7.71 
7.71 
-0.15±(0.14) 
0.07±(0.14) 
-0.03+(0.17) 
-0.17+(0.17) 
BSIMS 
BSISR 
Second generation 
com borer (cavity. 
10.94 
10.94 
13.12 
13.10 
10.48 
12.24 
10.88 
12.50 
11.70 
11.70 
-0.25±(0.28) 
0.35±(0.28) 
-0.47±(0.35) 
-0.45±(0.35) 
cm) 
Trait 
First generation Second generation Second generation 
Leaf blight com borer corn borer corn borer 
Checks (1 to 5) (1 to 9) (1 to 9) (cavity, cm) 
Os420xl87-2 4.76 6.80 8.40 9.58 
B75xCI31A 2.64 3.40 
BS9C3 — — 6.80 3.94 
Table A33. Phenocypic correlations for stalk quality traits and other agronomic traits of BSl populations, testcrosses# and population crosses 
evaluated at Ames, 1960^ 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 zo 21 22 23 24 
1. Stalk strength 0.83 
-0.80 0.86 -0.68 -0.76 -0 .46 -0.67 -0.44 -0.71 -0.79 -0.65 -0.51 -0.22 0.35 0.66 0.66 0.46 0.56 0.53 0.16 0.39 0.71 -0.40 
2. Stalk strength/area 
-0.92 0.87 -0.77 -0.83 -0. 61 -0.72 -0.27 -0.82 -0.75 -0.63 -0.51 -0.23 0.35 0.48 0.42 0.21 0.01 -0.01 -0.24 0.10 0.61 -0.67 
3. Stalk-rot rating 
-0.89 0.77 0.86 0. 46 0.69 0.24 0.81 0.76 0.64 0.42 0.22 -0.42 -0.52 -0.49 -0.29 -0.07 -0.08 0.26 -0.04 -0.60 0.69 
4. Rind strength 
-0.80 -0.83 -0, .40 -0.58 -0.26 -0.71 -0.85 -0.55 -0.37 -0.03 0.53 0.51 0.45 0.21 0.23 0.26 0.06 0.27 0.67 -0.46 
5. Stalk lodging 0.90 0. 29 0.38 -0.01 0.34 0.73 0.53 0.20 -0.06 -0.67 -0.66 -0.49 -0.09 -0.15 -0.06 0.12 -0.30 -0.65 0.60 
6. Field stalk rot 0. 44 0.62 0.12 0.74 0.74 0.67 0.34 0.14 -0.42 -0.75 -0.61 -0.22 -0.17 -0.11 0.19 -0.31 -0.77 0.76 
7. Root lodging 0.44 -0.01 0.57 0.24 0.39 0.41 0.20 0.11 -0.25 -0.12 0.11 0.06 0.17 0.41 0.05 -0.29 0.58 
8. Yield 0.69 0.86 0.60 0.78 0.80 0.56 0.03 -0.27 -0.32 -0.28 -0.11 -0.13 0.32 0.06 -0.34 0.53 
9. Ears per plant 0.37 0.44 0.41 0.58 0.36 -0.04 0.11 -0.02 -0.22 -0.36 -0.41 -0.10 0.14 -0.01 -0.08 
10. Ear diameter 0.65 0.70 0.79 0.42 -0.07 -0.43 -0.42 -0.28 -0.04 -0.01 0.41 0.01 -0.49 0.73 
11. Kernel raws 0.42 0.39 0.10 -0.61 -0.40 -0.36 -0.18 -0.31 -0.34 -0.04 -0.13 -0.45 0.32 
12. Ear length 0.62 0.38 -0.08 -0.53 -0.54 -0.38 -0.23 -0.20 0.25 -0.15 -0.46 0.56 
13. Kernel depth 0.60 0.12 -0.13 -0.20 -0.24 -0.15 -0.08 0.37 0.11 -0.14 0.43 
U. Shelling percentage 0.14 0.01 -0.03 -0.08 o
 
g
 
-0.04 0.25 0.13 -0.01 0.22 
15. Kernel weight 0.14 0.01 -0.18 0.16 0.15 0.09 -0.03 0.15 -0.04 
16. Anthesis 0.92 0.51 0.48 0.39 0.14 0.71 0.87 -0.54 
17. Silking 0.81 0.55 0.49 0.17 0.60 0.79 -0.45 
18. Anthesis-to-silkimg 0.48 0.48 0.16 0.26 0.42 -0.18 
19, Major stalk diameter • 0.94 0.58 0.53 0.34 0.24 
20. Minor stalk diameter 0.70 0.53 0.32 0.37 
21. Plant height 0.67 0.26 0.68 
22. Ear height 0.71 0.04 
23. Intemode nui^er -0.54 
24. Intemode length 
^r^O.46 and r^O.SS are significant at p«O.OS and pH}.01, respectively* 
Table A34. Phenotypic correlations for stalk quality traits and other agronomic traits of BSl populations, Cestcrosses, and population crosses 
evaluated at Ames, 1981^ 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
1. Stalk strength 0.80 
-0.82 0.77 -0. 76 -0.74 -0 .38 -0.58 -0.01 -0.67 -0.80 -0.52 -0.43 -0.06 0.32 0.45 0.51 0.04 0.24 0.44 0.40 0.39 0.60 -0.23 
2, Stalk strength/area 
-0.84 0.78 -0. 70 -0.63 -0 .26 -0.63 -0.23 -0.74 -0,75 -0.48 -0.43 -0.04 0.50 0.11 0.16 0.10 -0.37 -0.14 -0.07 -0.06 0.23 -0.38 
3. Stalk-rot rating -0.90 0. 78 0.79 0 .28 0.81 0.00 0.88 0.84 0.68 0.55 0.16 -0.34 -0.40 -0.41 0.08 0.08 -0.12 -0.06 -0.15 -0.45 0.43 
4. Rind strength 
-0. 75 -0.83 -0, .29 ^ .80 0.18 -0.82 -0-73 -0.80 -0-40 -0.02 0.12 0.54 0.51 -0.21 -0.07 0.12 0.03 0.24 0-53 -0.54 
5. Stalk lodging 0.90 0 .29 0.53 -0.05 0.62 0.69 0.59 0.30 -0.03 -0.52 -0.61 -0.54 0.35 -0.08 -0.14 -0.41 -0-44 -0.64 0.27 
6, Field stalk rot 0 .30 0.64 -0.26 0.70 0.75 0.69 0.37 0.12 -0.27 -0.78 -0.70 0.40 -0.15 -0.24 -0.36 -0.52 -0.71 0.41 
7. Root lodging 0.13 -0.17 0.30 0.41 0.27 0.29 -0.34 -0.15 -0.06 0.07 0.34 -0.04 -0.36 -0.09 -0.02 -0.05 -0.04 
8. Yield -0.02 0.92 0.80 0.84 0.59 0.30 0.04 -0.35 -0.34 0.12 0.13 -0.01 0.19 -0.10 -0.38 0.60 
9. Ears per plant 
-0.09 0.00 -0.33 -0.08 0.04 -0.54 0.51 0.40 -0.43 0.41 0.24 0.14 0.28 0.32 -0.21 
10. Ear diameter 0.91 0.76 0.75 0.22 -0.15 -0.30 -0.28 0.15 0.18 -0.02 0.16 -0.05 -0.39 0.58 
11. Kernel rows 0.65 0.74 0.26 -0.35 -0.32 -0.32 0.09 0.01 -0.22 -0.13 -0.18 -0.47 0.36 
12. Ear length 0.40 0.00 0.18 -0.54 -0.46 0.35 -0-08 -0.07 0.01 -0.28 -0.54 0.59 
13. Kernel depth 0.32 -0.15 -0.11 -0.14 -0.05 0.04 -0.03 0.16 0.01 -0.33 0.52 
14. Shelling percentage 0.03 -0.11 -0.26 -0.34 -0.02 0.04 0.12 0.05 -0.17 0.29 
15. Kernel weight -0.17 -0.16 0.07 -0.35 -0.18 0.20 -0.12 0.01 0.20 
16. Anthesis 0.93 -0.44 0.56 0.42 0.56 0.83 0.78 -0.27 
17. Silking -0.09 0.58 0.43 0.54 0-82 0.80 -0.31 
18. Anthesis-to-silking -0.10 -0.11 -0.21 -0.27 -0.17 -0.02 
19. Major stalk diameter 0.81 0.75 0.75 0.55 0.17 
20. Minor stalk diameter 0.66 0.58 0.32 0.33 
21. Plant height 0.81 0.54 0.43 
22. Ear height 0.71 —0.06 
23. Intemode number -0.53 
24. Intemode length 
ro 
ro 
^r>0.46 and r^.SB are si^ificant at p-0.05 and pH).01, respectively. 
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Table A35, Analyses of variance for rind strength, stalk strength, and 
stalk-rot ratings of 300 lines (Ames, 1980) 
Mean squares 
Rind Stalk Stalk 
Source d.f. Strength Strength Rot 
Set 4 57.82 589.01 3.64 
Rep/Set 10 7.87 109.97 0.28 
Ent/Set 295 2.80** 474.98** 3.01** 
CD/Set 95 1.10** 167.16** 1.54** 
MSC3/Set 95 2.18** 330.28** 0.95** 
SRC3/Set 95 2.56** 222.98** 0.75** 
CO vs (MSC3+SRC3)/Set 5 53.79** 10643.35** 113.87** 
MSC3 vs Sac3/Set 5 0.36 3692.20** 2.02** 
Error 590 0.48 43.44 0.31 
Total 899 
C.V. (%) 13.0 14.7 24.1 
Table A36* Analyses of variance for rind strength, stalk strength, and 
stalk-rot ratings of 300 lines (Ames, 1981) 
Mean squares 
Rind Stalk Stalk 
Source d.f. Strength Strength Rot 
Set 4 14.55 1685.02 1.17 
Rep/Set 10 8.20 155.36 0.46 
Ent/Set 295 3.46** 460.42** 2.73** 
CO/Set 95 4.21** 169.85** 1.80** 
MSC3/Set 95 2.43** 273.19** 0.68** 
SRC3/Set 95 1.81** 187.19** 0.53** 
CO vs (MSCSfSRC3)/Set 5 42.19** 11190.25** 102.77** 
MSC3 ^ SRC3/Set 5 1.55 3999.98** 1.25** 
Error 590 1.43 36.43 0.26 
Total 899 
C.V. (%) 24.3 11.3 23.6 
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Table Â37. Means and genotypic variance conq>onents for three stalk quality 
traits of 100 S. lines from BSICO, BS1MSC3» and BS1SBC3 grown 
at Ames, 1980 
Trait 
Stalk strength Stalk rot Rind strength 
Entries (kg) (1 to 6) (kg) 
BSICO (1-100) 33.74 3.44 4.58 
41.24±(8.04)A 0.41±(0.104)A 0.21±(0.053)A 
BS1MSC3 (101-200) 55.34 1.86 5.68 
95.61±(15.82)B 0.21±(0.046)B 0.57±(0.105)B 
BS1SRC3 (201-300) 44.71 1.64 5.73 
59.85±(10.70)C 0.15±(0.036)C 0.69±(0.123)B 
Table Â38. Means and genotypic variance components for three stalk quality 
traits of 100 Si lines from BSICO, BS1MSC3, and BS1SRC3 grown 
at Ames, 1981 * 
Trait 
Stalk strength Stalk rot Rind strength 
Entries (kg) (1 to 6) (kg) 
BSICO (1-100) 42.23 3.22 4.27 
44.47±(8.i6)A 0.5i±(0.086)A 0.93±(0.203)A 
BS1MSC3 (101-200) 64.57 1.68 5.34 
78.92±(13.09)B 0.14±(0.033)B 0.33±(0.119)B 
BS1SRC3 (201-300) 53.29 1.56 5.15 
50.25±(8.98)AC 0.09±(0.026)C 0.13±(0.091)C 
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Table Â39. Analyses of variance for anthesls, silking, and anthesls-to-
sllklng Intervals of 300 lines (Ames, 1980) 
Mean squares 
Source d.f. Anthesls Silking 
Anthesls-
to-sllklng 
Set 4 171.29 278.92 49.58 
Rep/Set 10 24.46 24.56 2.68 
Ent/Set 295 23.03** 46.34** 18.94** 
CD/Set 95 27.24** 45.94** 22.04** 
MSC3/Set 95 14.60** 39.95** 18.49** 
SBC3/Set 95 19.91** 33.58** 13.57** 
CO vs (MSC3+SRC3)/Set 5 4.75 30.85** 25.12** 
MSC3 vs SRC3/Set 5 181.04** 432.99** 64.58** 
Error 590 3.27 8.43 6.01 
Total 899 
C.V. (%) 9.7 13.1 68.5 
Table A40. Analyses of variance for anthesls, silking, and anthesls-to-
sllklng Intervals of 300 lines (Ames, 1981) 
Mean squares 
Anthesls-
Source d.f. Anthesls Silking to-sllklng 
Set 4 69.62 264. 39 69.14 
Rep/Set 10 7.71 10. 31 6.39 
Ent/Set 295 29.09** 41. 73** 13.62** 
CO/Set 95 30.58** 33. 99** 8.43** 
MSC3/Set 95 28.86** 35. 59** 19.82** 
SRC3/Set 95 19.79** 29. 51** 10.06** 
CO vs (MSC3+SRC3)/Set 5 16.70** 11. 64** 33.22** 
MSC3 ys SRC3/Set 5 308.36** 567. 82** 42.61** 
Error 590 2.67 3. 58 3.12 
Total 899 
C.V. (%) 6.8 6. 9 49.4 
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Table A41. Means and genotyplc variance components for anthesls, silking, 
and anthesls-to-sUklhg of 100 S. lines from BSICO, BS1MSC3, 
and BS1SRC3 grown at Ames, 1980 
Trait 
Entries Anthesls Silking Anthesis-to-sUking 
BSICO (1-100) 18.52 21.78 3.26 
7.99±(1.30)A 12.50+(2.20)A 5.34±(1.06)A 
BS1MSC3 (101-200) 19.66 24.07 4.41 
3.78±(0.70)B 10.51±(1.92)A 4.16±(0.89)B 
BS1SRC3 (201-300) 17.30 20.37 3.07 
5.55±(0.96)C 8.38±(1.62)A 2.52+(0.66)C 
Table A42. Means and genotyplc variance components for anthesls, silking, 
and anthesls-to-sllklng of 100 S. lines from BSICO, BS1MSC3, 
and BS1SRC3 grown at Ames, 1981 
Trait 
Entries Anthesls Silking Anthesls-to-sllklng 
BSICO (1-100) 23.91 26.98 3.08 
9.30±(1.46)A 10.14+(1.63) A 1.77±(0.41)A 
BS1MSC3 (101-200) 25.22 29.64 4.42 
8.73±(1.38)A 10.67±(1.70)A 5.57±(0.95)B 
BS1SRC3 (201-300) 22.10 25.34 3.24 
5.71+(0.95)B 8.64+(1.41)A 2.31±(0.48)C 
Table A43. Phenotyplc (above diagonal) and genotyplc (below diagonal) correlations for stalk quality 
and maturity traits of 100 lines from BSICO, BS1MSC3, and BS1SRC3 grown at Ames, 1980 ^ 
Stalk Stalk Rind Anthesis-
Trait strength rot strength Anthesis Silking to-sllking 
Stalk strength -0.67 0.67 0.35 0.43 0.28 
Stalk rot -0.74 -0.65 -0.07 -0.12 -0.12 
Rind strength 0.74 -0.75 0.06 0.12 0.11 
Anthesis 0.41 -0.07 0.11 0.77 0.10 
Silking 0.50 -0.13 0.15 0.82 0.71 
Anthesis-to-silking 0.35 -0.13 0.13 0.16 0.70 
^Phenotyplc correlations >0.11 and >0.15 are significant at p=0.05 and p=0.01, respectively. 
Table A44. Phenotyplc (above diagonal) and genotyplc (below diagonal) correlations for stalk quality 
and maturity traits of 100 lines from BSICO, BS1MSC3, and BS1SRC3 grown at Ames, 1981 ^ 
Stalk Stalk Rind Anthesis-
Trait strength rot strength Anthesis Silking to-silking 
Stalk strength -0.67 0.59 0.30 0.44 0.34 
Stalk rot -0.73 -0.48 -0.02 -0.09 -0.13 
Rind strength 0.78 —0.66 0.11 0.24 0.25 
Anthesis 0.33 -0.02 0.14 0.82 -0,12 
Silking 0.48 -0.10 0.30 0.85 0.55 
Anthesis-to-silking 0.40 -0.16 0.35 0.04 0.56 
Phenotyplc correlations >0.11 and ^0.15 are significant at p=0.05 and p=0.01, respectively. 
Table A45. Phenotypic (above diagonal) and genotypic (below diagonal) correlations for stalk quality 
and maturity traits of 100 lines from BSICO grown at Ames, 1980 ^ 
Stalk Stalk Rind Anthesis-
Trait strength rot strength Anthesis Silking to-silking 
Stalk strength -0.56 0.49 0.35 0.33 0.08 
Stalk rot -0.69 -0.34 -0.21 -0.21 -0.07 
Rind strength 0.71 -0.49 -0.00 0.07 0.10 
Anthesis 0.42 -0.22 0.02 0.72 -0.07 
Silking 0.41 -0.23 0.12 0.74 0.64 
Anthesis-to-silking 0.11 —0.08 0.16 -0.10 0.40 
^Phenotypic correlations >0.20 and ^0.27 are significant at p=.05 and p=.01, respectively, in 
this and all subsequent tables. 
Table A46. Phenotypic (above diagonal) and genotypic (below diagonal) correlations for stalk quality 
and maturity traits of 100 lines from BSICO grown at Ames, 1981 
Stalk Stalk Rind Anthesis-
Trait strength rot strength Anthesis Silking to-silking 
Stalk strength 
Stalk rot 
Rind strength 
Anthesis 
Silking 
Anthes is-to-silking 
-0.54 
-0.65 
0.31 -0.14 
0.34 -0.14 
0.46 -0.20 
0.34 -0.16 
0.28 0.28 
-0.09 -0.13 
-0.06 
-0.10 
0.06 0.90 
0.37 -0.15 
0.39 0.23 
-0.18 -0.11 
0.07 0.27 
0.87 -0.16 
0.35 
0.34 
Table A47. Phenotypic (above dlagnonal) and genotyplc (below diagonal) correlations for stalk quality 
and maturity traits of 100 lines from BS1MSC3 grown at Ames, 1980 
Stalk Stalk Rind Anthesis-
Trait strength rot strength Anthesis Silking to-silking 
Stalk strength 
Stalk rot 
Rind strength 
Anthesis 
Silking 
Anthesis-to-silking 
-0.55 
—0.68 
0.67 -0.70 
0.49 -0.17 
0.43 -0.12 
0.22 -0.03 
0.66 0.38 
-0.54 -0.12 
0.04 
0.12 
0.08 0.78 
0.02 0.41 
0.37 0.20 
-0.13 -0.08 
0.07 0.07 
0.75 0.21 
0.81 
0.95 
Table A48. Phenotypic (above diagonal) and genotyplc (below diagonal) correlations for stalk quality 
and maturity traits of 100 Slines from BS1MSC3 grown at Ames, 1981 
Stalk Stalk Rind Anthesis-
Trait strength rot strength Anthesis Silking to-silking 
Stalk strength 
Stalk rot 
Rind strength 
Anthesis 
Silking 
Anthesis-to-silklng 
-0.37 
-0.51 
1.01 -0.90 
0.30 -0.06 
0.45 0.07 
0.25 0.17 
0.62 0.29 
—0.47 —0.06 
0.28 
0.38 
0.49 0.62 
0.20 -0.11 
0.41 0.23 
0.06 0.14 
0.32 0.13 
0.68 -0.17 
0.61 
0.59 
Table A49. Phenotyplc (above diagonal) and genotyplc (below diagonal) correlations for stalk quality 
and maturity traits of 100 lines from BS1SRC3 grown at Ames, 1980 
Trait 
Stalk 
strength 
Stalk 
rot 
Rind 
strength Anthesis Silking 
Anthesls-
to-sllklng 
Stalk strength 
Stalk rot 
Rind strength 
Anthesis 
Silking 
Anthesis-to-silking 
-0.60 
0.67 
0.51 
0.74 
0.60 
-0.44 
-0.57 
-0.31 
-0.44 
-0.32 
0.57 
-0.41 
0.30 
0.33 
0.17 
0.39 
-0.24 
0.22 
0.84 
0.01 
0.54 
-0.30 
0.23 
0.77 
0.79 
0.38 
-0.19 
0.10 
0.00 
0.64 
Table A50. Phenotyplc (above diagonal) and genotyplc (below diagonal) correlations for stalk quality 
and maturity traits of 100 S^ lines from BS1SRC3 grown at Ames, 1981 
Stalk Stalk Rind Anthesls-
Trait strength rot strength Anthesis Silking to-silking 
Stalk strength 
Stalk rot 
Rind strength 
Anthesis 
Silking 
Anthesls-to-silklng 
-0.45 
—0.69 
1.46 -1.31 
0.31 -0.35 
0.40 -0.36 
0.28 -0.14 
0.64 0.24 
-0.44 -0.22 
0.24 
0.54 
0.79 0.87 
0.67 0.11 
0.32 0.20 
-0.23 -0.08 
0.34 0.24 
0.81 -0.01 
0.57 
0.61 
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Table A51. Means for stalk quality and maturity traits 
of 100 SI lines from BSICO combined over 
two years (Âmes 1980 and 1981) 
Means: 
Rind Stalk Stalk Anthesis 
Entries : Strength Strength Rot Anthesis Silking -to-Silking 
(kg) (kg) (0.5 to 6) 
1 4.37 36.44 3.58 19.83 28.00 8.17 
2 3.92 34.39 3.13 28.83 30.50 1.67 
3 4.01 50.19 3.25 25.50 28.50 3.00 
4 3.67 32.81 4.70 18.00 20.00 2.00 
5 3.10 36.53 3.05 19.33 22.67 3.33 
6 4.53 57.56 2.67 24.83 32.00 7.17 
7 4.16 35.79 2.90 21.67 24.67 3.00 
8 4.76 41.61 3.20 18.17 21.83 3.67 
9 3.39 50.38 2.85 25.50 29.67 4.17 
10 3.66 37.72 3.03 18.50 23.67 5.17 
11 4.12 35.95 3.92 22.17 27.50 5.33 
12 3.21 38.46 2.73 23.00 26.17 3.17 
13 3.52 41.71 2.90 25.67 27.17 1.50 
14 4.74 38.33 3.48 26.50 27.17 0.67 
15 3.58 29.20 3.03 18.67 22.33 3.67 
16 3.20 38.21 3.02 21.67 23.67 2.00 
17 4.25 45.32 3.50 22.50 28.83 6.33 
18 4.66 55.52 1.65 22.67 28.33 5.67 
19 3.21 26.95 3.23 23.33 24.67 1.33 
20 3.65 36.79 3.73 19.33 27.17 7.83 
21 4.38 37.93 2.85 19.83 25.50 5.67 
22 4.30 34.31 3.15 20.67 25.83 5.17 
23 4.46 50.63 1.80 19.83 23.83 4.00 
24 4.20 31.68 3.90 15.83 19.50 3.67 
25 4.81 41.56 3.38 21.33 23.17 1.83 
26 4.13 36.50 3.28 24.00 27.33 3.33 
27 4.08 49.57 3.08 22.50 25.83 3.33 
28 4.50 42.86 2.93 22.50 26.50 4.00 
29 4.61 42.93 4.03 25.17 27.00 1.83 
30 4.64 33.65 3.68 17.17 19.17 2.00 
31 4.78 40.66 3.17 19.00 21.00 2.00 
32 4.01 34.98 4.17 17.00 19.67 2.67 
33 4.52 42.35 2.80 19.83 24.83 5.00 
34 4.75 45.71 3.95 22.00 25.00 3.00 
35 3.68 35.61 3.72 16.67 20.50 3.83 
36 3.77 33.42 3.18 21.33 26.50 5.17 
37 4.89 42.40 3.82 24.67 28.50 3.83 
38 3.88 32.86 4.42 21.83 25.83 4.00 
39 4.40 37.22 3.55 19.33 21.83 2.50 
40 4.51 33.03 3.98 25.83 28.00 2.17 
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Table Â51. Continued 
Means : 
Rind Stalk Stalk Ânthesls 
Entries: Strength Strength Rot Anthesls Silking -to-Silking 
(kg) (kg) (0.5 to 6) 
41 4.81 33.56 3.82 18.50 21.00 2.50 
42 4.81 45.24 3.47 24.83 30.50 5.67 
43 4.47 32.11 3.88 23.67 27.00 3.33 
44 6.35 56.64 2.67 21.33 24.50 3.17 
45 6.04 42.84 2.48 18.00 22.33 4.33 
46 4.58 34.09 3.88 24.50 27.00 2.50 
47 4.57 41.45 2.62 22.50 24.33 1.83 
48 4.83 32.40 3.03 22.67 24.67 2,00 
49 4.35 33.54 3,57 16.00 18,83 2.83 
50 6.02 46.57 3.08 20.33 24.83 4.50 
51 4.74 37.38 2.45 18.17 20.67 2.50 
52 4.58 34.35 3.97 18.00 20.00 2.00 
53 3.98 32.18 3.87 22.17 24.83 2.67 
54 4.68 35.06 3.22 20.50 23.83 3.33 
55 4.92 45.77 2,57 24.50 29.67 5.17 
56 4.90 36.98 3.03 19.67 22.50 2.83 
57 5.75 50.86 2.15 24.50 30.00 5.50 
58 4.38 39.24 3.58 25.67 28.00 2.33 
59 4.62 38.95 3.30 19.00 23,67 4.67 
60 4.16 32.23 4.23 23.17 24.67 1.50 
61 6.64 48.81 2.85 21.33 22.50 1.17 
62 4.91 31.45 4.17 17.33 18.17 0.83 
63 5.01 43.08 2.53 25.33 26.83 1.50 
64 3.85 31.09 3.48 16.50 17.67 1.17 
65 4.53 42.72 3.17 19.17 22.83 3.67 
66 4.20 28.87 3.72 24.83 29.33 4.50 
67 3.55 36.31 3.52 26.33 28.67 2.33 
68 4.58 38.59 2.68 21.67 22.67 1.00 
69 5.06 34.94 3.52 16.83 19.50 2.67 
70 4.95 25.04 3.23 15.50 18.50 3.00 
71 4.10 30.48 4.12 20.50 23.50 3.00 
72 4.23 23.36 4.75 14.50 16.83 2.33 
73 4.08 28.62 3.70 24.17 26.67 2.50 
74 4.37 28.68 3.62 19.50 21.17 1.67 
75 5.78 44.50 2.25 21.83 23.33 1.50 
76 4.55 26.30 4.33 17.67 19.33 1.67 
77 3.54 29.83 3.82 20,00 21.83 1.83 
78 4.66 37.68 4.03 23.67 26.33 2.67 
79 4.74 37.77 3.22 20.33 21.83 1,50 
80 4,99 31.03 3.38 21.17 23.50 2.33 
ri( 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
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Continued 
Means: 
Rind Stalk Stalk Anthesis 
Strength Strength Rot Anthesis Silking -to-Silking 
(kg) (kg) (0.5 to 6) 
4,06 45.00 3.60 24.00 28.83 4.83 
4.88 32.93 3.23 20.83 24.83 4.00 
2.96 35.24 3.20 26.50 28.17 1.67 
4.53 36.88 4.13 18.17 21.00 2.83 
4.17 42.56 3.23 19.67 22.33 2.67 
4.20 33.84 2.82 18.67 22.83 4.17 
3.51 33.46 2.93 22.50 23.83 1.33 
3.80 29.72 3.80 20.50 24.17 3.67 
3.55 31.50 4.80 17.17 20.17 3.00 
4.36 32.76 3.37 20.17 20.83 0.67 
5.12 59.06 1.72 24.17 27.50 3.33 
5.09 37.69 3.67 21.67 27.00 5.33 
4.16 39.10 2.33 19.00 23.00 4.00 
4.39 50.12 1,65 23.33 26.67 3.33 
4.51 40,70 2,32 21,33 22,17 0.83 
4.39 40.97 2.97 22.17 24.33 2.17 
3.93 38.07 4.42 21.83 22.83 1.00 
3.33 29.77 4.83 18.17 18.50 0.33 
4.14 34.00 3.83 24.33 26.67 2.33 
4.19 35.24 2.47 19.33 20.33 1.00 
4.38 37.99 3.33 21.21 24.30 3.08 
rie 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
Means for stalk quality and maturity traits 
of 100 SI lines from 6S1C0 (Ames,1980) 
Means : 
Rind Stalk Stalk 
Strength Strength Rot 
(kg) (kg) (0.5 to 
3.69 29.46 3.43 
3.37 29.13 3.77 
3.81 47.28 3.37 
3.17 28.81 4.87 
2.89 31.96 3.77 
3.92 51.08 2.80 
4.31 26.23 3.07 
5.12 38.64 2.73 
2.75 47.01 2.90 
3.33 30.25 3.77 
3.67 32.83 4.27 
2.87 32.03 2.87 
3.16 36.07 3.40 
4.38 32.20 3.27 
3.23 22.99 3.27 
2.48 28.69 3.27 
4,26 39.51 3.67 
4.11 44.85 1.73 
3.13 21.81 3.47 
3.39 35.43 3.57 
5.03 30.34 2.67 
4.57 28.71 3.73 
4.35 40.92 1.63 
4.53 30.26 3.53 
5.17 32.88 3.53 
4.11 31.96 3.33 
4.38 43.81 3.00 
5.08 50.52 2.30 
4.47 34.06 4.37 
4.96 28.33 3.73 
4.91 33.62 3.40 
4.40 28.54 3.73 
4.76 35.65 3.13 
5.31 40.85 3.23 
3.95 28.40 3.83 
4.04 26.05 3.20 
5.44 38.74 4.20 
4.34 31,62 4.73 
5.02 32.18 3.93 
4.49 27.07 4,10 
5.17 31,20 3.83 
Anthesis Silking 
6) 
18.33 26.67 
28.33 29.00 
23.67 26.00 
13.33 15.00 
18.33 20.33 
23.33 27,33 
19.67 21.33 
15.33 19.33 
22.33 26.33 
16.67 21.33 
18.67 24.33 
21.67 23.67 
23.00 24.67 
23.00 23.33 
16.33 20.67 
18.00 21.00 
19.67 27.33 
21.33 26.00 
20.33 22.33 
17.33 25.67 
18.67 25,00 
18.33 24.33 
18.00 21.33 
13.00 16.67 
17.00 19.33 
20.00 24.00 
19.00 22.67 
19.67 24.33 
21.33 23.33 
15.67 16.67 
16.33 18.33 
13.00 15.00 
17.00 23.00 
19.33 22.33 
14.00 18.67 
18.00 23.33 
24.33 27.33 
19,00 21,67 
17,67 19,67 
26.67 29,33 
15.00 17,33 
Anthesis 
-to-Silking 
8.33 
0.67 
2.33 
1.67 
2.00 
4.00 
1.67 
4.00 
4.00 
4,67 
5.67 
2.00 
1.67 
0.33 
4.33 
3.00 
7.67 
4.67 
2.00 
8.33 
6.33 
6.00 
3.33 
3.67 
2.33 
4.00 
3.67 
4.67 
2.00 
1,00 
2,00 
2 ,00 
6 ,00  
3.00 
4.67 
5.33 
3.00 
2.67 
2.00 
2.67 
2.33 
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Table A52. Continued 
Means : 
Rind Stalk Stalk Ânthesis 
Entries: Strength Strength Rot Anthesis Silking -to-Silking 
(kg) (kg) (0.5 to 6) 
42 4.75 49.48 3.17 22.00 29.33 7.33 
43 4.76 26.59 4.13 18.00 23.67 5.67 
44 6.83 54.60 2.70 19.33 23.00 3.67 
45 6.35 40.07 3.10 15.67 21.33 5.67 
46 4.96 29.55 3.73 20.33 23.33 3.00 
47 4.85 36.99 2.60 19.33 21.33 2.00 
48 5.37 25.80 3.50 18.00 20.33 2.33 
49 4.16 26.61 3.57 13.33 16.67 3.33 
50 5.94 39.32 3.30 18.33 22.00 3.67 
51 4.96 31.47 2.07 15.00 17.00 2.00 
52 5.41 31.34 3.90 16.33 18.00 1.67 
53 4.19 27.15 3.83 19.33 21.00 1.67 
54 4.78 31.49 3.23 17.67 22.00 4.33 
55 4.99 40.03 2.67 20.00 26.00 6.00 
56 4.99 32.73 3.37 16.67 20.33 3.67 
57 5.91 42.84 2.47 21.00 26.00 5.00 
58 4.47 33.50 3.10 23.00 24.67 1.67 
59 5.06 32.12 3.53 16.00 21.67 5.67 
60 4.43 27.60 4.40 19.00 21.00 2.00 
61 6.65 43.73 3.37 17.67 19.33 1.67 
62 5.26 29.83 4.27 14.67 16.00 1.33 
63 5.49 37.46 3.03 21.33 23.00 1.67 
64 4.63 28.39 4.07 13.67 15.33 1.67 
65 5.35 42.81 4.03 16.00 19.00 3.00 
66 4.82 27.15 3.67 21.67 26.33 4.67 
67 4.22 34.31 3.60 22.67 25.67 3.00 
68 5.19 35.84 2.87 18.33 19.67 1.33 
69 5.90 31.85 3.67 14.00 16.33 2.33 
70 5.55 23.01 3.73 12.33 15.00 2.67 
71 4.49 27.18 3.80 17.67 20.33 2.67 
72 4.79 22.45 5.07 12.00 13.67 1.67 
73 4.75 24.79 3.80 19.00 22.00 3.00 
74 4.81 24.64 3.40 17.33 19.00 1.67 
75 5.85 44.94 2.17 18.33 19.67 1.33 
76 4.81 22.71 4.90 14.67 16.67 2.00 
77 4.61 26.64 4.03 16.67 19.00 2.33 
78 5.08 33.79 3.73 21.67 24,67 3.00 
79 5.17 31.19 3.23 16.67 18.67 2.00 
80 5.68 30.08 3.40 18.00 19.67 1.67 
81 3.98 43.79 4.00 22.00 26.33 4.33 
82 4.97 29.24 3.27 19.00 22.00 3.00 
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Table À52. Continued 
Means : 
Rind Stalk Stalk Anthesis 
Entries ; Strength Strength Rot Anthesis Silking -to-Silking 
(kg) (kg) (0.5 to 6) 
83 3.23 30.07 3.33 24.67 25.33 0.67 
84 4.72 30.58 4.17 15.67 19.33 3.67 
85 4.10 38.91 2.87 18.00 20.67 2.67 
86 4.63 32.74 2.43 17.00 20.33 3.33 
87 3.67 32.67 3.43 19.00 20.67 1.67 
88 4.08 26.89 3.83 19.33 22.67 3.33 
89 3.87 27.06 4.97 14.33 17.00 2.67 
90 4.81 33.26 4.00 18.00 18.67 0.67 
91 5.82 58.91 2.10 22.00 25.00 3.00 
92 5.31 35.19 3.27 19.67 27.00 7.33 
93 4.60 36.70 2.23 17.33 19.00 1.67 
94 4.43 46.02 1.80 20.33 23.67 3.33 
95 5.00 39.12 2.50 19.67 21.33 1.67 
96 4.73 39,83 3.07 19.00 20.67 1.67 
97 3.82 31.22 4.10 20.00 20.33 0.33 
98 3.51 25.80 5.10 15.33 15.67 0.33 
99 4.53 30.52 4.17 21.67 24.00 2.33 
100 4.63 31.96 2.40 17.67 18.33 0.67 
Mean: 4.58 33.75 3.44 18.52 21.61 3.09 
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Table A53. Means for stalk quality and maturity traits 
of 100 SI lines from 6S1C0 (Ames,1981) 
Means: 
Rind Stalk Stalk Anthesis 
Entries: Strength Strength Rot Anthesis Silking -to-Silking 
(kg) (kg) (0.5 to 6) 
1 5.05 43.42 3.73 21.33 29.33 8.00 
2 4.46 39.65 2.50 29.33 32.00 2.67 
3 4.22 53.09 3.13 27.33 31.00 3.67 
4 4.17 36.81 4.53 22.67 25.00 2.33 
5 3.31 41.10 2.33 20.33 25.00 4.67 
6 5.14 64.03 2.53 26.33 36.67 10.33 
7 4.02 45.35 2.73 23.67 28.00 4.33 
8 4.40 44.58 3.67 21.00 24.33 3.33 
9 4.04 53.74 2.80 28.67 33.00 4.33 
10 3.99 45.20 2.30 20.33 26.00 5.67 
11 4.57 39.06 3.57 25.67 30.67 5.00 
12 3.55 44.90 2.60 24.33 28.67 4.33 
13 3.88 47.36 2.40 28.33 29.67 1.33 
14 5.09 44.46 3.70 30.00 31.00 1.00 
15 3.93 35.40 2.80 21.00 24.00 3.00 
16 3.92 47.72 2.77 25.33 26.33 1.00 
17 4.23 51.12 3.33 25.33 30.33 5.00 
18 5.20 66.18 1.57 24.00 30.67 6.67 
19 3.30 32.08 3.00 26.33 27.00 0.67 
20 3.92 38.15 3.90 21.33 28.67 7,33 
21 3.72 45.52 3.03 21.00 26.00 5.00 
22 4.04 39.91 2.57 23.00 27.33 4.33 
23 4.57 60.33 1.97 21.67 26.33 4.67 
24 3.87 33.11 4.27 18.67 22.33 3.67 
25 4.46 50.25 3.23 25.67 27.00 1.33 
26 4.16 41.04 3.23 28.00 30.67 2.67 
27 3.78 55.33 3.17 26,00 29.00 3.00 
28 3.93 35.19 3.57 25.33 28.67 3.33 
29 4.75 51.80 3.70 29.00 30.67 1.67 
30 4.32 38.97 3.63 18.67 21.67 3,00 
31 4.64 47.69 2.93 21.67 23.67 2,00 
32 3,61 41.42 4.60 21.00 24.33 3.33 
33 4.28 49.05 2.47 22,67 26.67 4.00 
34 4,20 50,57 4.67 24.67 27.67 3.00 
35 3.42 42.83 3.60 19.33 22.33 3.00 
36 3.51 40.78 3,17 24,67 29.67 5.00 
37 4.34 46.06 3.43 25.00 29.67 4.67 
38 3.43 34.10 4.10 24.67 30.00 5.33 
39 3.78 42.27 3.17 21.00 24.00 3.00 
40 4.53 38.99 3.87 25.00 26.67 1.67 
41 4.44 35.92 3.80 22.00 24.67 2.67 
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Table Â53. Continued 
Means: 
Rind Stalk Stalk Anthesis 
Entries : Strength Strength Rot Anthesis Silking -to-Silking 
(kg) (kg) (0.5 to 6) 
42 4.87 41.00 3.77 27.67 31,67 4.00 
43 4.17 37.63 3,63 29.33 30.33 1.00 
44 5.87 58.68 2.63 23.33 26.00 2.67 
45 5.73 45.61 1.87 20.33 23.33 3.00 
46 4.20 38.62 4,03 28.67 30.67 2.00 
47 4.29 45.91 2,63 25.67 27.33 1.67 
48 4.29 38.99 2.57 27.33 29.00 1.67 
49 4.55 40.48 3,57 18.67 21.00 2.33 
50 6.09 53.82 2,87 22.33 27.67 5.33 
51 4.52 43.28 2.83 21.33 24.33 3.00 
52 3.75 37.35 4.03 19.67 22.00 2.33 
53 3.78 37.20 3.90 25.00 28.67 3.67 
54 4.58 38.64 3.20 23.33 25.67 2.33 
55 4.85 51.50 2.47 29.00 33.33 4.33 
56 4.81 41.22 2.70 22.67 24.67 2.00 
57 5,59 58.88 1.83 28.00 34.00 6.00 
58 4.29 44.97 4,07 28.33 31.33 3.00 
59 4.17 45.77 3.07 22.00 25.67 3.67 
60 3.90 36.85 4.07 27.33 28.33 1.00 
61 6.62 53,89 2.33 25.00 25.67 0.67 
62 4.55 33.08 4.07 20.00 20.33 0.33 
63 4.53 48.71 2.03 29.33 30.67 1.33 
64 3.07 33.79 2.90 19.33 20.00 0.67 
65 3.72 42.63 2.30 22.33 26.67 4.33 
66 3.58 30.60 3.77 28.00 32.33 4.33 
67 2.89 38.31 3.43 30.00 31.67 1.67 
68 3.98 41.34 2,50 25.00 25.67 0.67 
69 4.23 38.03 3.37 19.67 22.67 3.00 
70 4.35 27.07 2.73 18.67 22.00 3.33 
71 3.70 33.79 4.43 23.33 26.67 3.33 
72 3.66 24.26 4.43 17,00 20.00 3.00 
73 3.42 32.44 3.60 29,33 31.33 2.00 
74 3.93 32.73 3.83 21,67 23.33 1.67 
75 5.71 44.05 2.33 25,33 27.00 1.67 
76 4.29 29.89 3.77 20,67 22.00 1.33 
77 2.46 33.03 3.60 23,33 24.67 1.33 
78 4.25 41.57 4.33 25,67 28.00 2.33 
79 4.31 44.35 3.20 24,00 25.00 1.00 
80 4.29 31.99 3.37 24.33 27.33 3.00 
81 4.14 46.21 3.20 26,00 31.33 5.33 
82 4.78 36.63 3.20 22.67 27.67 5.00 
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Table A53. Continued 
Means : 
Rind Stalk Stalk Ânthesis 
Entries: Strength Strength Rot Anthesis Silking -to-Silking 
(kg) (kgr iO-TTto 6) 
83 2.68 40.41 3,07 28.33 31.00 2.67 
84 4.35 43.19 4.10 20.67 22.67 2.00 
85 4.25 46.21 3.60 21.33 24.00 2.67 
86 3.78 34.93 3.20 20.33 25.33 5.00 
87 3.34 34.25 2.43 26.00 27.00 1.00 
88 3.52 32.55 3.77 21.67 25.67 4.00 
89 3.23 35,95 4.63 20.00 23.33 3.33 
90 3.92 32.26 2.73 22.33 23.00 0.67 
91 4.43 59.21 1.33 26.33 30.00 3.67 
92 4.87 40.20 4.07 23.67 27.00 3.33 
93 3.72 41.50 2.43 20.67 27.00 6.33 
94 4.35 54.22 1.50 26.33 29.67 3.33 
95 4.02 42.28 2.13 23.00 23.00 0.00 
96 4.05 42.12 2.87 25,33 28.00 2.67 
97 4.04 44.93 4.73 23.67 25.33 1.67 
98 3.16 33.74 4.57 21.00 21.33 0.33 
99 3.75 37.49 3.50 27.00 29.33 2.33 
100 3.76 38.53 2.53 21,00 22.33 1.33 
Mean: 4.18 42.23 3.22 23.91 26.98 3.08 
Table A54. Means for stalk quality and maturity traits 
of 100 SI lines from BS1MSC3 combined over 
two years (Ames 1980 and 1981) 
Means: 
Rind 
tries : Strength 
(kg) 
101 3.86 
102 4.53 
103 4.97 
104 5.23 
105 3.99 
106 5.38 
107 5.13 
108 5.95 
109 4.75 
110 4.33 
111 5.63 
112 5.60 
113 4.36 
114 4.55 
115 5.06 
116 5.25 
117 4.97 
118 5.88 
119 5.48 
120 4.57 
121 4.48 
122 6.08 
123 5.20 
124 4.39 
125 5.80 
126 5.60 
127 5.93 
128 6.02 
129 5.25 
130 5.68 
131 5.68 
132 5.62 
133 8.91 
134 5.82 
135 4.76 
136 5.56 
137 4.89 
138 4.88 
139 6.49 
140 8.10 
Stalk Stalk 
Strength Rot 
(kg) (0.5 to 6) 
62.84 2.28 
59.42 1.88 
59.90 1.80 
61.08 1.53 
47.51 1.78 
60.05 1.55 
59.89 1.77 
68.80 1.30 
65.84 2.15 
46.86 2.32 
56.26 1.67 
64.52 1.65 
57.72 1.97 
57.02 2.28 
61.94 1.27 
69.11 2.40 
60.85 2.02 
62.70 1.15 
65.62 1.98 
68.17 1.32 
48.12 2.18 
67.22 1.32 
57.24 1.85 
50.45 2.62 
67.55 1.30 
56.99 1.28 
69.23 2.32 
68.37 1.97 
45.93 1.82 
56.17 2.20 
71.15 1.25 
66.33 2.27 
84.45 1.02 
57.08 1.73 
47.78 2.78 
57.47 1.23 
50.95 2.32 
42.98 3.27 
69.17 1.82 
72.40 1.53 
Anthesis Silking 
23.67 30.67 
24.33 31.50 
24.33 27.33 
19.83 23.83 
22.00 25.33 
22.67 26.17 
24.67 30.00 
25.67 29.50 
23.33 30.50 
22.83 25.50 
26.33 33.17 
26.00 31.33 
21.67 22.67 
22.67 27.33 
22.17 25.17 
25.17 31.83 
18.67 25.67 
20.33 27.50 
24.00 34.00 
26.00 28.67 
25.50 27.33 
22.67 27.67 
24.33 28.17 
20.83 22.33 
25.67 28.00 
24.17 27.83 
20.83 26.33 
25.17 28.83 
21.17 28.33 
23.17 27.00 
27.00 28.83 
22.83 29.67 
24.00 28.50 
18.67 23.17 
19.67 22.33 
21.33 24.50 
25.67 27.00 
22.67 25.67 
22.83 28.00 
24.50 30.83 
Anthesis 
-to-Silking 
7.00 
7.17 
3.00 
4.00 
3.33 
3.50 
5.33 
3.83 
7.17 
2.67 
6.83 
5.33 
1.00 
4.67 
3.00 
6.67 
7.00 
7.17 
10.00 
2.67 
1.83 
5.00 
3.83 
1.50 
2.33 
3.67 
5.50 
3.67 
7.17 
3.83 
1.83 
6.83 
4.50 
4.50 
2.67 
3.17 
1.33 
3.00 
5.17 
6.33 
Table A54. Continued 
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Means : 
Rind Stalk Stalk Anthesis 
Entries: Strength Strength Rot Anthesis Silking -to-Silking 
(kg) (kg) (0.5 to 6) 
141 5.35 59.88 1.17 21.50 23.33 1.83 
142 7.53 76.24 1.20 22.50 27.33 4.83 
143 5.50 79.24 1.45 23.00 34.83 11.83 
144 5.74 76.80 2.15 24.00 31.67 7.67 
145 5.49 56.70 1.87 26.67 28.17 1.50 
146 5.25 51.31 1.27 18.00 28.83 10.83 
147 5.72 67.10 1.52 21.50 27.50 6.00 
148 7.96 85.29 1.13 25.00 29.83 4.83 
149 6.04 63.06 1.40 21.50 23.83 2.33 
150 4.66 57.65 2.18 23.33 28.50 5.17 
151 6.78 65.12 1.42 21.00 25.67 4.67 
152 5.90 58.07 1.60 23.00 29.17 6.17 
153 5.75 55.80 1.83 22.83 26.33 3.50 
154 6.21 65.37 1.23 17.00 20.33 3.33 
155 5.87 62.46 1.57 24.67 28.33 3.67 
156 5.69 56.11 1.63 23.67 29.00 5.33 
157 4.50 50.84 2.98 23.67 27.50 3.83 
158 6.33 73.38 1.62 24.17 30.50 6.33 
159 5.57 53.17 1.45 19.33 20,67 1.33 
160 5.67 51.96 1.90 20.83 28,50 7.67 
161 5.62 64.09 1.27 20.00 22,00 2.00 
162 5.69 68.35 1.87 24.50 29.33 4.83 
163 4.68 49.09 2.80 22.50 27.67 5.17 
164 5.34 52.95 2.50 20.33 22,50 2.17 
165 5.88 68.43 1.32 27.67 34.17 6.50 
166 6.36 78.81 1.32 23.33 32,83 9.50 
167 5.60 59.67 1.62 19.33 24.00 4.67 
168 5.01 50.47 2.37 22.00 23.33 1.33 
169 5.00 56.42 1.77 20.33 24.33 4.00 
170 4.96 49.17 1.97 19.00 22.83 3.83 
171 5.41 51.40 1.75 20.50 25.00 4.50 
172 6.14 61,56 1.38 24.00 26.50 2.50 
173 4.57 39.71 2.10 21.67 26.67 5.00 
174 5.12 41.35 2.48 17.33 19.33 2.00 
175 4.88 51.18 2.53 22.83 25.83 3.00 
176 6.94 55.68 1.05 19.83 22.67 2.83 
177 5.60 46.56 1.48 16.00 18.83 2.83 
178 4.82 56.51 1.30 22.83 28.33 5.50 
179 4.99 61.05 1.82 23.17 27.00 3.83 
180 5.96 64.46 1.37 22.33 25.67 3.33 
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Table A54. Continued 
Means: 
Rind Stalk Stalk Anthesls 
Entries : Strength Strength Rot Anthesls Silking -to-Silking 
(kg) (kg) (0.5 to 6) 
181 5.00 68.25 1.72 24.83 30.00 5.17 
182 5.85 54.48 1.17 22.33 24.67 2.33 
183 5.61 50.92 1.43 21.00 23.17 2.17 
184 5.13 49.62 2.20 18.50 21.00 2.50 
185 6.97 73.40 0.98 27.17 28.83 1.67 
186 5.71 61.93 2.32 24.50 31.17 6.67 
187 5.70 55.67 1.48 22.33 31.00 8.67 
188 5.24 63.36 2.00 20.17 22.33 2.17 
189 4.63 48.62 2.10 21.33 24.50 3.17 
190 5.97 70.45 1.42 22.67 26.83 4.17 
191 4.56 41.22 2.38 20.17 22.67 2.50 
192 4.34 54.26 1.57 20.00 23.50 3.50 
193 5.73 64.01 1.52 22.33 30.50 8.17 
194 7.94 75.71 1.07 21.50 22.33 0.83 
195 5.55 54.53 1.80 19.67 23.33 3.67 
196 5.02 63.69 1.40 24.00 26.00 2.00 
197 6.64 56.05 1.87 24.00 30.00 6.00 
198 4.53 49.03 1.98 20.33 27.67 7.33 
199 5.29 67.93 1.57 19.17 21.33 2.17 
200 5.15 57.07 2.37 22.50 28.33 5.83 
Mean: 5.51 59.96 1.77 22.44 26.86 4.42 
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Table A55. Means for stalk quality and maturity traits 
of 100 SI lines from BS1MSC3 (Ames,1980) 
Means : 
Rind Stalk Stalk Anthesis 
Entries: Strength Strength Rot Anthesis Silking -to-Silking 
(kg) (kg) (0.5 to 6) 
101 3,61 56.63 2.53 22.33 30.67 8.33 
102 4.35 56.78 2.00 22.33 29.00 6.67 
103 4.79 56.64 1.83 22.33 25.67 3.33 
104 5.02 56.04 1.53 17.67 21.33 3.67 
105 3.92 40.21 1.87 20,67 23.33 2.67 
106 5.06 51.35 1.73 20.00 23.33 3.33 
107 4.40 57.87 1.73 21.00 26.00 5.00 
108 5.38 66.06 1.53 22.00 26.67 4.67 
109 4.43 64,35 2.03 21.33 26.33 5.00 
110 3.96 39.58 2.43 18,33 21.67 3.33 
111 5.58 56.51 1.80 22,00 31.33 9.33 
112 5.40 65.79 1,93 21.67 28.67 7.00 
113 3.99 52.24 2.20 19.33 20.00 0.67 
114 4.17 42,27 2.57 19.33 24.33 5.00 
115 4,87 57.82 1.30 19.33 22.67 3.33 
116 5.47 67.62 2.33 22.67 28,67 6.00 
117 4.53 47.50 2.70 16.00 18.00 2.00 
118 5.34 56.76 1.20 19.67 26.00 6.33 
119 5.50 61.12 1.97 22.00 31.33 9.33 
120 4.38 63.02 1.40 22.67 24.67 2.00 
121 4.64 42.54 2.43 22.33 24,00 1.67 
122 6.38 59.79 1.20 19,67 25.67 6,00 
123 5.35 46.63 1.50 20.00 24.33 4.33 
124 4.47 44.20 2.47 17,67 20,00 2,33 
125 5.91 67.80 1.37 22,00 24,67 2.67 
126 5.85 51.82 1.47 21.33 25.33 4.00 
127 6.53 61.31 2.40 19,00 23.33 4,33 
128 6.67 60.39 1.77 21,00 24,67 3.67 
129 6.11 50.26 1,83 18,67 25.00 6.33 
130 5.79 50.31 2.53 20.67 25.67 5,00 
131 5.44 67.15 1,43 24,67 27.00 2.33 
132 6.05 65.23 1.83 21.67 27.67 6.00 
133 8.86 85.94 1.13 17.67 24.67 7.00 
134 6.68 52.80 1.77 16.33 20,67 4,33 
135 5.29 37.99 3.13 18.00 20.00 2.00 
136 5.76 50.85 1.30 17.67 21.00 3,33 
137 5.11 49.75 2,57 22,33 24.33 2.00 
138 4.58 36.08 3.07 20.67 22.33 1.67 
139 6,44 58.47 1.80 19.67 25.33 5.67 
140 7.71 60.21 1,43 22.33 26.33 4.00 
141 5.02 53.26 0.97 19,00 19.67 0.67 
Table A55. Continued 
Means: 
Rind 
tries : Strength 
(kg) 
142 8.12 
143 5.80 
144 5.96 
145 5.08 
146 5.62 
147 5.99 
148 7.51 
149 6.05 
150 4.46 
151 7.44 
152 5.46 
153 5.96 
154 6.58 
155 6.49 
156 5.23 
157 4.69 
158 6.33 
159 5.29 
160 5.25 
161 6.23 
162 5.82 
163 4.94 
164 5.84 
165 6.47 
166 6.85 
167 5.91 
168 5.47 
169 5.50 
170 6.47 
171 5.97 
172 6.94 
173 5.06 
174 5.96 
175 5.43 
176 7.57 
177 6.65 
178 5.15 
179 5.56 
180 6.26 
181 5.56 
182 6.21 
Stalk Stalk 
Strength Rot 
(kg) (0.5 to 6) 
77.16 1.17 
75.72 1.33 
74.84 2.30 
47.84 1.57 
46.95 1.30 
63.26 1.63 
78.68 1.07 
55.31 1.57 
45.89 2.43 
59.64 1.33 
49.54 1.37 
51.37 2.00 
65.50 1.30 
62.86 1.80 
51.37 1.47 
40.77 3.87 
74.01 1.63 
47.56 1.63 
47.21 2.27 
59.20 1.50 
60.44 2.17 
48.30 2.93 
47.71 2.97 
64.52 1.27 
75.76 1.47 
53.91 1.63 
48.89 2.63 
61.42 1.73 
43.31 2.00 
43.25 2.10 
53.57 1.50 
35.49 2.27 
38.56 3.10 
45.79 2.63 
51.58 1.00 
45.95 1.90 
50.54 1.57 
52.94 2.27 
59.08 1.60 
69.31 1.63 
53.32 1.27 
Anthesis Silking 
20.00 24.33 
22.00 32.33 
20.67 28.67 
22.67 23.00 
15.00 29.67 
17.67 23.67 
21.67 24.67 
18.67 20.00 
21.67 27.67 
18.00 22.33 
19.33 27.00 
17.33 22.33 
13.67 17.33 
20.33 24.67 
20.33 26.67 
20.00 23.67 
20.00 25.67 
16,00 18.00 
18.67 28.00 
17.33 19.33 
21.33 28.33 
20.00 24.33 
17.00 18.67 
24.33 33.00 
21.67 30.67 
16.00 20.33 
18.00 19.00 
17.00 20.00 
16.67 21.67 
17.33 22.33 
20.00 23.33 
18.67 23.67 
14.67 16.00 
20.67 24.33 
16.33 18.67 
13.67 16.00 
21.00 26.67 
20.00 24.00 
19.67 23.00 
22.33 29.00 
19.67 22.00 
Anthesis 
-to-Silking 
4.33 
10.33 
8.00  
0.33 
14.67 
6.00 
3.00 
1.33 
6.00 
4.33 
7.67 
5.00 
3.67 
4.33 
6.33 
3.67 
5.67 
2.00 
9.33 
2.00 
7.00 
4.33 
1.67 
8.67 
9.00 
4.33 
1.00 
3.00 
5.00 
5.00 
3.33 
5.00 
1.33 
3.67 
2.33 
2.33 
5.67 
4.00 
3.33 
6.67 
2.33 
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Table Â55. Continued 
Means: 
Rind Stalk Stalk Anthesis 
Entries: Strength Strength Rot Anthesis Silking -to-Silking 
(kg) (kg) (0.5 to 6) 
183 5.84 49.25 1.50 
184 5.44 46.98 1.93 
185 6.80 70.81 1.00 
186 6.55 59.67 2.20 
187 5.17 43.52 1.50 
188 5.32 59.41 2.07 
189 5.20 47.45 2.23 
190 6.55 - 67.01 1.60 
191 4.70 35.03 2.87 
192 4.91 53.14 1.60 
193 5.96 65.55 1.43 
194 8.89 73.03 1.17 
195 5.71 47.41 1.90 
196 5.12 58.34 1.37 
197 6.61 50.66 1.47 
198 4.84 44.14 2.10 
199 5.65 63.96 1.23 
200 5.14 51.96 2.60 
Mean: 5.68 55.34 1.86 
20.00 21.00 1.00 
16.67 18.33 1.67 
25.00 26.00 1.00 
22.00 29.00 7.00 
22.00 30.33 8.33 
18.33 20.33 2.00 
19.00 23.33 4.33 
20.00 25.00 5.00 
17.33 20.33 3.00 
17.00 22.00 5.00 
21.67 28.00 6.33 
20.00 21.00 1.00 
18.33 22,00 3.67 
20.33 22.67 2.33 
20.33 24.00 3.67 
18.00 25.00 7.00 
18.00 19.33 1.33 
20.00 24.33 4.33 
19.66 24.07 4.41 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
Means for stalk quality and maturity traits 
of 100 SI lines from BS1MSC3 (Ames,1981) 
Rind 
Strength 
(kg) 
4.11 
4.70 
5.14 
5.44 
4.07 
5.70 
5.87 
6.52 
5.06 
4.70 
5.68 
5.80 
4.73 
4.93 
5.25 
5.03 
5.41 
6.42 
5.46 
4.75 
4.32 
5.77 
5.05 
4.31 
5.70 
5.35 
5.32 
5.38 
4.38 
5.56 
5.91 
5.20 
8.96 
4.96 
4.23 
5.35 
4.67 
5.17 
6.55 
8.50 
5.68 
Means: 
Stalk Stalk 
Strength Rot 
(kg) 
69.05 
62.07 
63.16 
66.12 
54.81 
68.75 
61.92 
71.53 
67.33 
54.15 
56.01 
63.25 
63.20 
71.77 
66.06 
70.59 
74.21 
68.64 
70.13 
73.32 
53.69 
74.65 
67.84 
56.70 
67.30 
62.16 
77.16 
76.35 
41.60 
62.04 
75.16 
67.44 
82.96 
61.36 
57.58 
64.09 
52.15 
49.88 
79.88 
84.59 
66.51 
(0.5 to 6) 
2.03 
1.77 
1.77 
1.53 
1.70 
1.37 
1.80 
1.07 
2.27 
2.20 
1.53 
1.37 
1.73 
2.00 
1.23 
2.47 
1.33 
1.10 
2.00 
1.23 
1.93 
1.43 
2.20 
2.77 
1.23 
1.10 
2.23 
2.17 
1.80 
1.87 
1.07 
2.70 
0.90 
1.70 
2.43 
1.17 
2.07 
3.47 
1.83 
1.63 
1.37 
Anthesis 
25,00 
26.33 
26.33 
22.00 
23.33 
25.33 
28.33 
29.33 
25.33 
27.33 
30.67 
30.33 
24.00 
26.00 
25.00 
27.67 
21.33 
21.00 
26.00 
29.33 
28.67 
25.67 
28.67 
24.00 
29.33 
27.00 
22.67 
29.33 
23.67 
25.67 
29.33 
24.00 
30.33 
21.00 
21.33 
25.00 
29.00 
24.67 
26.00 
26.67 
24.00 
Silking 
30.67 
34.00 
29.00 
26.33 
27.33 
29.00 
34.00 
32.33 
34.67 
29.33 
35.00 
34.00 
25.33 
30.33 
27.67 
35.00 
33.33 
29.00 
36.67 
32.67 
30.67 
29.67 
32.00 
24.67 
31.33 
30.33 
29.33 
33.00 
31.67 
28.33 
30.67 
31.67 
32.33 
25.67 
24.67 
28.00 
29.67 
29.00 
30.67 
35.33 
27.00 
Anthesis 
-to-Silking 
5.67 
7.67 
2.67 
4.33 
4.00 
3.67 
5.67 
3.00 
9.33 
2.00 
4.33 
3.67 
1.33 
4.33 
2.67 
7.33 
12.00 
8 .00  
10.67 
3.33 
2.00 
4.00 
3.33 
0.67 
2.00 
3.33 
6.67 
3.67 
8.00 
2.67 
1.33 
7.67 
2.00 
4.67 
3.33 
3.00 
0.67 
4.33 
4.67 
8.67 
3.00 
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Table Â56. Continued 
Means: 
Rind Stalk Stalk Anthes is 
Entries : Strength Strength Rot Anthesis Silking -to-Silking 
(kg) (kg) (0.5 to 6) 
142 6.94 75.33 1,23 25.00 30.33 5.33 
143 5.20 82.76 1.57 24.00 37,33 13.33 
144 5.52 78.76 2.00 27.33 34,67 7.33 
145 5.90 65.56 2,17 30.67 33.33 2.67 
146 4.87 55.66 1.23 21.00 28.00 7.00 
147 5.46 70.93 1.40 25.33 31.33 6.00 
148 8.40 91.89 1.20 28.33 35,00 6.67 
149 6.03 70.81 1.23 24.33 27.67 3.33 
150 4.85 69.42 1,93 25.00 29.33 4.33 
151 6.12 70.59 1.50 24.00 29,00 5.00 
152 6.35 66.60 1,83 26.67 31.33 4.67 
153 5.55 60.24 1.67 28.33 30.33 2.00 
154 5.84 65.24 1.17 20,33 23.33 3.00 
155 5.26 62.07 1,33 29.00 32.00 3.00 
156 6.15 60.86 1.80 27.00 31.33 4.33 
157 4.32 60.92 2,10 27.33 31.33 4.00 
158 6.32 72.74 1.60 28.33 35.33 7.00 
159 5.85 58.79 1.27 22.67 23.33 0.67 
160 6.09 56.70 1.53 23.00 29.00 6.00 
161 5,00 68.99 1.03 22.67 24.67 2.00 
162 5.56 76.26 1.57 27.67 30.33 2.67 
163 4.41 49.88 2.67 25.00 31.00 6.00 
164 4.84 58.18 2.03 23.67 26.33 2.67 
165 5.29 72.33 1.37 31.00 35.33 4.33 
166 5.88 81.86 1.17 25,00 35.00 10.00 
167 5.29 65.42 1.60 22.67 27,67 5.00 
168 4.55 52.05 2.10 26.00 27.67 1.67 
169 4.50 51.43 1.80 23.67 28.67 5.00 
170 3.45 55.02 1.93 21.33 24,00 2.67 
171 4.85 59.56 1.40 23.67 27.67 4.00 
172 5.34 69.54 1.27 28,00 29.67 1.67 
173 4.08 43.93 1,93 24.67 29,67 5.00 
174 4.28 44.14 1.87 20.00 22,67 2.67 
175 4.32 56,57 2.43 25.00 27.33 2.33 
176 6.30 59.79 1,10 23,33 26,67 3,33 
177 4.55 47,16 1,07 18,33 21,67 3,33 
178 4.49 62.49 1.03 24,67 30.00 5,33 
179 4.41 69.16 1.37 26,33 30.00 3,67 
180 5.67 69.84 1.13 25,00 28.33 3,33 
181 4.44 67,19 1.80 27,33 31.00 3,67 
182 5.49 55,64 1.07 25.00 27.33 2.33 
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Table Â56. Continued 
Means : 
Rind 
Ltries ; Strength 
(kg) 
183 5.38 
184 4.82 
185 7.14 
186 4.88 
187 6.23 
188 5.15 
189 4.07 
190 5.40 
191 4.41 
192 3.76 
193 5.50 
194 7.00 
195 5.38 
196 4.91 
197 6.68 
198 4.22 
199 4.93 
200 5.17 
Mean: 5.34 
Stalk Stalk 
Strength Rot 
(kg) (0.5 to 6) 
52.59 1.37 
52.26 2.47 
75.99 0.97 
64.20 2.43 
67.83 1.47 
67.31 1.93 
49.79 1.97 
73.89 1.23 
47.41 1.90 
55.39 1.53 
62.48 1.60 
78.40 0.97 
61.65 1.70 
69.05 1.43 
61.43 2.27 
53.92 1.87 
71.89 1.90 
62.19 2.13 
64.57 1.68 
Anthesis Silking 
22. 00 25.33 
20. 33 23.67 
29. ,33 31.67 
27. ,00 33.33 
22. ,67 31.67 
22, 00 24.33 
23. ,67 25.67 
25. ,33 28.67 
23, .00 25.00 
23, .00 25.00 
23, 00 33.00 
23, .00 23.67 
21 .00 24.67 
27 .67 29.33 
27 .67 36.00 
22 .67 30.33 
20 .33 23.33 
25 .00 32.33 
25 .22 29.64 
Ânthesis 
-to-Silking 
3.33 
3.33 
2.33 
6.33 
9.00 
2.33 
2.00 
3.33 
2.00 
2.00 
10.00 
0.67 
3.67 
1.67 
8.33 
7.67 
3.00 
7.33 
4.42 
trie 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
Means for stalk quality and maturity traits 
of 100 SI lines from BS1SRC3 combined over 
two years (Âmes 1980 and 1981) 
Means: 
Rind Stalk Stalk Anthesis 
Strength Strength Rot Anthesis Silking -to-Silking 
(kg) (kg) (0.5 to 6) 
6.59 61.46 0.93 23.33 26.00 2.67 
5.11 48.60 1.40 21.50 24,00 2.50 
3.76 43.48 1.75 25.00 29.17 4.17 
4.94 51.31 1.75 17.83 21.83 4.00 
5.51 55.51 1.52 23.33 26.17 2.83 
4.21 53.60 1.57 27.67 32.50 4.83 
6.09 59.88 1.25 17.83 22.33 4.50 
4.24 44.89 2.10 20.50 23.17 2.67 
5.31 49.70 1.32 20.00 24.50 4.50 
4.50 46.98 1.53 19.83 22.50 2.67 
4.23 33.55 2.40 15.83 19.50 3.67 
4.38 48.23 2.93 20.00 27.83 7.83 
5.43 50.29 1.55 25.83 27.33 1.50 
5.03 46.13 1.37 20.83 23.33 2.50 
5.28 52.05 1.20 22.17 23.17 1.00 
4.32 49.51 1.65 17.67 22.83 5.17 
4.61 44.19 2.25 21.00 24.00 3.O0 
5.30 65.47 1.12 24.83 31.00 6.17 
4.99 39.17 1.63 20.50 21.33 0.83 
5.13 42.77 1.63 17.83 21.17 3.33 
5.18 46.66 1.58 20.33 23.83 3.50 
6.20 61.12 1.78 16.17 20.67 4.50 
4.94 44.17 1.32 23.00 27.17 4.17 
4.97 55.70 1.75 17.83 18.67 0.83 
8.19 51.88 1.13 22.00 24.83 2.83 
6.64 59.85 1.15 21.17 25.83 4.67 
6.47 66.28 1.05 21.00 30.00 9.00 
6.49 55.06 1.97 20.50 24.00 3.50 
6.29 63.29 1.05 19.83 21.33 1.50 
5.13 44.29 2.37 19.67 21.67 2.00 
5.59 52,83 1.32 16.67 24.33 7.67 
5.26 51,71 1.57 19.83 22.50 2.67 
6.72 60.04 1.27 18.67 20.67 2.00 
5.33 46.82 1.47 17.33 19.33 2.00 
4.63 53,79 1.47 20.67 23.67 3.00 
5.99 66.50 1.58 21.67 25.83 4.17 
6.61 51,81 1.67 22.50 23.67 1.17 
6.02 49.54 1.33 18.17 19.00 0.83 
3.90 34,63 2,05 16.00 19.00 3.00 
4.94 42.07 1.45 18.00 19.33 1.33 
trie 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
Continued 
Means : 
Rind Stalk Stalk 
Strength Strength Rot 
(kg) (kg) (0.5 to 
6.73 43.62 1.72 
5.32 43.35 1.48 
4.57 32.90 3.35 
5.58 48.37 1.37 
4.85 44.75 1.90 
5.19 49.24 1.23 
6.49 58.17 1.28 
6.60 48.69 1.50 
4.95 40.28 1.52 
5.95 45.67 1.45 
6.59 53.73 1.43 
4.76 39.17 1.48 
5.93 54.70 1.47 
5.75 53.51 1.32 
6.27 58.06 1.35 
5.07 42.69 1.72 
4.98 41.68 2.20 
6.52 64.04 1.43 
5.09 54.29 1.40 
4.86 41.68 1.53 
5.71 46.07 1.65 
4.51 37.99 1.80 
5.54 47.28 1.17 
5.87 51.94 1.03 
5.22 47.94 1.65 
5.00 50.14 1.62 
6.25 61.49 1.15 
5.66 51.25 2.58 
4.69 40.33 1.63 
5.78 41.82 1.90 
7.91 57.96 1.58 
4.50 34.01 1.73 
6.54 52.52 1.48 
4.31 45.40 2.02 
4.38 36.18 3.03 
5.35 42.40 2.07 
5.03 39.13 1.77 
5.31 43.36 1.50 
4.82 41.28 2.20 
4.95 38.56 2.30 
Anthesis Silking 
6) 
19.17 23.50 
21.17 22.33 
18.00 20.00 
16.50 18.67 
16.00 19.00 
15.00 19.17 
24.83 33.83 
18.50 21.83 
16.17 19.33 
17.67 23.00 
19.83 25.50 
16.83 19.00 
20.17 23.17 
18.00 21.17 
21.17 24.33 
21.00 23.33 
16.17 19.17 
19.33 23.17 
20.83 22.83 
19.17 21.50 
18.83 22.33 
17.83 20.50 
19.17 21.50 
20.00 22.33 
20.67 21.83 
19.50 25.50 
18.67 23.17 
20.83 22.67 
19.67 23.83 
16.33 20.33 
24.33 25.33 
18.67 20.67 
22.50 30.67 
17.50 20.67 
15.17 16.83 
19.50 20.67 
18.83 20.83 
18.17 20.33 
19.33 20.33 
16.50 18.50 
Anthesis 
-to-Silking 
4.33 
1.17 
2.00 
2.17 
3.00 
4.17 
9.00 
3.33 
3.17 
5.33 
5.67 
2.17 
3.00 
3.17 
3.17 
2.33 
3.00 
3.83 
2.00 
2.33 
3.50 
2.67 
2.33 
2.33 
1.17 
6.00 
4.50 
1.83 
4.17 
4.00 
1.00 
2.00 
8.17 
3.17 
1.67 
1.17 
2 .00  
2.17 
1.00 
2 .00  
271 
Table Â57. Continued 
Means : 
Rind Stalk Stalk Anthesls 
Entries: Strength Strength Rot Anthesls Silking -to-Silking 
(kg) (kg) (0.5 to 6) 
281 4.47 48.46 1.30 20.50 25.33 4.83 
282 5.39 41.65 1.92 15.33 18.67 3.33 
283 5.49 51.62 1.33 24.00 25.33 1.33 
284 5.46 51.15 1.62 22.50 23.83 1.33 
285 6.08 60.94 1.25 19.50 23.00 3.50 
286 4.53 44.72 1.37 19.33 22.00 2.67 
287 5.94 53.31 1.27 21.50 26.83 5.33 
288 7.00 54.71 1.22 18.33 25.17 6.83 
289 5.56 41.87 1.52 17.33 17.67 0.33 
290 5.59 44.72 1.45 16.83 18.83 2.00 
291 4.55 43.21 2.27 20.33 21.67 1.33 
292 5.65 61.42 1.28 21,17 25.00 3.83 
293 6.58 59.08 1.22 20.67 22.00 1.33 
294 5.96 49.53 1.00 19.33 21.33 2.00 
295 5.78 48.48 1.03 17.50 23.83 6.33 
296 5.33 60.32 1.95 22.17 24.00 1.83 
297 5.64 51.25 1.37 20.33 23.00 2.67 
298 5.53 45.43 1.50 18.33 20.17 1.83 
299 4.90 39.95 1.58 24.33 25.67 1.33 
300 4.60 37.48 1.38 19.00 20.67 1.67 
Mean: 5.44 49.00 1.60 19.70 22.86 3.15 
Table A58. Means for stalk quality and maturity traits 
of 100 SI lines from 6S1SRC3 (Ames,1980) 
Means : 
Rind 
tries: Strength 
(kg) 
201 6.53 
202 4.81 
203 3.36 
204 4.88 
205 5.19 
206 3.67 
207 5.74 
208 4.35 
209 4.79 
210 4.10 
211 4.17 
212 4.17 
213 5.76 
214 4.40 
215 5.56 
216 4.31 
217 4.72 
218 4.93 
219 4.79 
220 5.15 
221 5.03 
222 6.29 
223 4.78 
224 5.52 
225 8.92 
226 7.60 
227 6.92 
228 7.57 
229 6.88 
230 5.67 
231 6.02 
232 5.62 
233 7.30 
234 5.50 
235 4.72 
236 6.32 
237 6.53 
238 6.29 
239 4.11 
240 5.50 
241 6.42 
Stalk Stalk 
Strength Rot 
(kg) (0.5 to 6) 
53.10 0.93 
39.30 1.20 
33.29 1.43 
48.34 1.43 
47.42 1.27 
47.33 1.80 
47.48 1.30 
41.25 2.20 
43.26 1.40 
37.91 1.70 
27.65 2.57 
45.71 3.17 
42.86 1.47 
37.46 1.40 
47.72 1.43 
46.98 1.40 
39.14 2.17 
59.77 1.10 
31.44 1.97 
35.51 1.70 
37.75 1.60 
50.85 1.67 
43.29 1.50 
43.19 1.97 
44.32 1.13 
62.45 1.17 
64.61 1.03 
51.80 1.33 
59.27 1.00 
40.44 2.13 
46.77 1.27 
50.22 1.53 
57.59 1.30 
42.25 1.70 
48.43 1.47 
63.46 1.67 
47.66 1.70 
46.06 1.50 
32.62 2.17 
34.86 1.03 
39.24 1.73 
Anthes is Silking 
21.67 24.33 
19.00 20.33 
23.67 27.33 
15.33 19.67 
22.33 24.67 
27.33 31.00 
16.33 21.00 
17.67 20.67 
16.33 20.33 
17.00 20.00 
12.67 14.67 
17.00 24.67 
23.67 25.00 
20.00 22.33 
20.33 20.67 
14.33 19.00 
20.67 23.00 
24.00 28.33 
16.67 18.00 
15.33 17.33 
19.67 22.33 
14.00 17.67 
18.33 23.67 
15.67 17.00 
19.33 22.33 
17.33 22.67 
16.67 27.67 
18.67 21.67 
16.33 18.33 
16.33 18.00 
14.67 24.00 
18.67 21.33 
16.00 17.67 
15.67 17.00 
18.33 22.33 
18.67 22.67 
21.00 22.67 
16.00 17.00 
13.33 16.33 
15.33 17.00 
17.00 20.33 
Anthesis 
-to-Silking 
2.67 
I.33 
3.67 
4.33 
2.33 
3.67 
4.67 
3.00 
4.00 
3.00 
2.00 
7.67 
1.33 
2.33 
0.33 
4.67 
2.33 
4.33 
1.33 
2.00 
2.67 
3.67 
5.33 
1.33 
3.00 
5.33 
II .00 
3.00 
2.00  
1.67 
9.33 
2.67 
1.67 
1.33 
4.00 
4.00 
1.67 
1.00 
3.00 
1.67 
3.33 
trie 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
278 
279 
Continued 
Means: 
Rind Stalk Stalk Anthesis 
Strength Strength Rot Anthesis Silking -to-Silking 
(kg) (kg) (0.5 to 6) 
5.87 41.43 1.43 17.00 17.67 0.67 
4.82 30.10 3.67 15.00 17.00 2.00 
6.02 40.23 1.30 14.00 15.67 1.67 
4.44 38.05 2.17 13.67 17.00 3.33 
5.02 43.31 1.27 12.00 15.67 3.67 
6.68 62.49 1.27 22.33 31.00 8.67 
6.95 43.99 1.23 15.67 18.67 3.00 
5.85 38.35 1.63 13.67 16.00 2.33 
6.55 39.15 1.63 14.67 20.00 5.33 
7.01 44.65 1.60 16.33 21.00 4.67 
5.25 31.87 1.50 14.00 16.33 2.33 
5.59 40.29 1.63 18.00 21.00 3.00 
5.61 50.20 1.23 14.67 17.00 2.33 
6.24 55.54 1.23 17.67 20.67 3.00 
5.09 40.13 1.87 18.33 20.00 1.67 
5.14 34.74 2.33 13.00 15.67 2.67 
6.73 65.94 1.33 16.33 20.33 4.00 
5.14 52.33 1.33 18.33 22.00 3.67 
5.43 35.33 1.53 17.00 19.00 2.00 
6.50 44.81 1.80 17.00 19.67 2.67 
5.23 34.30 1.97 14.00 17.33 3.33 
5.99 41.69 1.27 16.67 18.33 1.67 
6.45 48.18 1.03 19.00 21.67 2.67 
6.09 43.90 1.80 17.00 18.33 1.33 
5.56 47.27 1.47 16.67 25.00 8.33 
6.55 59.44 1.27 16.33 20.67 4.33 
5.71 45.95 2.53 19.00 21.00 2.00 
4.99 34.10 1.70 17.33 23.00 5.67 
6.08 37.85 2.23 13.67 17.00 3.33 
9.40 57.82 1.57 21.00 22.33 1.33 
5.28 30.88 1.87 15.00 17.33 2.33 
7.47 48.68 1.67 19.00 28.33 9.33 
4.96 41.06 1.90 14.00 17.00 3.00 
5.29 32.06 3.37 13.67 14.67 1.00 
6.08 36.96 2.40 18.67 19.00 0.33 
5.84 39.33 1.73 16.00 18.33 2.33 
5.93 40.18 1.57 16.00 17.67 1.67 
5.08 33.17 2.83 16.00 16.67 0.67 
6.08 34.71 2.90 14.00 16.67 2.67 
4.84 45.55 1.23 18.33 22.67 4.33 
5.47 39.58 1.80 13.67 16.67 3.00 
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Table Â58. Continued 
Means: 
Entries ; 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 
300 
Rind 
Strength 
(kg) ^  
6.35 
6.06 
6.70 
4.55 
6.58 
7.48 
6.35 
6.38 
4.69 
5.79 
7.60 
6.29 
6.06 
5.62 
5.93 
5.80 
4.96 
4.69 
Stalk 
Strength 
(kg) 
50.94 
47.00 
64.55 
42.28 
55.72 
54.92 
38.97 
43.17 
40.32 
59.03 
60.56 
44.14 
42.84 
58.59 
45.67 
36.76 
41.19 
38.37 
Stalk 
Rot 
(0.5 to 6) 
1.43 
1.57 
1.47 
1.27 
1.17 
1.40 
1.53 
1.50 
2.70 
1.47 
1.07 
1.03 
1.07 
2.23 
1.50 
1.30 
1.60 
1.13 
Anthesis Silking 
21.33 
20.33 
17.00 
16.67 
19.33 
16.33 
15.33 
15.67 
18.33 
18.33 
18.67 
18.00 
16.67 
21.00 
18.33 
17.67 
21.67 
17.67 
23.00 
21.33 
20.67 
19.00 
23.33 
23.67 
15.67 
17.00 
19.33 
24.00 
19.67 
19.00 
24.33 
23.00 
20.33 
18.67 
23.33 
19.00 
Anthesis 
-to-Silking 
1.67 
1.00 
3.67 
2.33 
4.00 
7.33 
0.33 
1.33 
1.00 
5.67 
1.00 
1.00 
7.67 
2.00 
2.00  
1.00 
1.67 
1.33 
Mean: 5.73 44.71 1.64 17.30 20.37 3.07 
275 
Table A59. Means for stalk quality and maturity traits 
of 100 SI lines from BS1SRC3 (Ames,1981) 
Means: 
Rind Stalk Stalk Anthesis 
Entries: Strength Strength Rot Anthesis Silking -to-^Silking 
(kg) (kg) (0.5 to 6) 
201 6.65 69.81 0.93 25.00 27.67 2.67 
202 5.41 57.90 1.60 24.00 27.67 3.67 
203 4.16 53.66 2.07 26.33 31.00 4.67 
204 4.99 54.28 2.07 20.33 24.00 3.67 
205 5.84 63.60 1.77 24.33 27.67 3.33 
206 4.75 59.88 1.33 28.00 34.00 6.00 
207 6.44 72.29 1.20 19.33 23.67 4.33 
208 4.13 48.52 2.00 23.33 25.67 2.33 
209 5.82 56.13 1.23 23.67 28.67 5.00 
210 4.90 56.04 1.37 22.67 25.00 2.33 
211 4.28 39.45 2.23 19.00 24.33 5.33 
212 4.58 50.75 2.70 23.00 31.00 8.00 
213 5.09 57.73 1.63 28.00 29.67 1.67 
214 5.65 54.80 1.33 21.67 24.33 2.67 
215 5.00 56.39 0.97 24.00 25.67 1.67 
216 4.32 52.05 1.90 21.00 26.67 5.67 
217 4.50 49.23 2.33 21.33 25.00 3.67 
218 5.67 71.17 1.13 25.67 33.67 8.00 
219 5.19 46.89 1.30 24.33 24.67 0.33 
220 5.11 50.02 1.57 20.33 25.00 4.67 
221 5.32 55.57 1.57 21.00 25.33 4.33 
222 6.11 71.40 1.90 18.33 23.67 5.33 
223 5.11 45.05 1.13 27.67 30.67 3.00 
224 4.43 68.22 1.53 20.00 20.33 0.33 
225 7.45 59.44 1.13 24.67 27.33 2.67 
226 5.68 57.25 1.13 25.00 29.00 4.00 
227 6.02 67.95 1.07 25.33 32.33 7.00 
228 5.41 58.32 2.60 22.33 26.33 4.00 
229 5.70 67.30 1.10 23.33 24.33 1.00 
230 4.60 48.15 2.60 23.00 25.33 2.33 
231 5.17 58.89 1.37 18.67 24.67 6.00 
232 4.90 53.20 1.60 21.00 23.67 2.67 
233 6.14 62.48 1.23 21.33 23.67 2.33 
234 5.15 51.38 1.23 19.00 21.67 2.67 
235 4.53 59.14 1.47 23.00 25.00 2.00 
236 5.67 69.54 1.50 24.67 29.00 4.33 
237 6.70 55.96 1.63 24.00 24.67 0.67 
238 5.74 53.01 1.17 20.33 21.00 0.67 
239 3.69 36.64 1.93 18.67 21.67 3.00 
240 4.38 49.28 1.87 20.67 21.67 1.00 
241 7.03 48.00 1.70 21.33 26.67 5.33 
Dxe 
trie 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
274 
275 
276 
277 
Continued 
Means: 
Rind Stalk Stalk Anthesis 
Strength Strength Rot Anthesis Silking -to-Silking 
(kg) (kg) (0.5 to 6) 
4.78 45.27 1.53 
4.31 35.71 3.03 
5.14 56.51 1.43 
5.26 51.44 1.63 
5.35 55.18 1.20 
6.29 53.85 1.30 
6.24 53.39 1.77 
4.05 42.21 1.40 
5.35 52.18 1.27 
6.17 62.81 1.27 
4.28 46.48 1.47 
6.26 69.11 1.30 
5.90 56,81 1.40 
6.29 60.59 1.47 
5.05 45.24 1.57 
4.82 48.63 2.07 
6.32 62.14 1.53 
5.03 56.25 1.47 
4.29 48.03 1.53 
4.93 47.33 1.50 
3.79 41.68 1.63 
5.09 52.86 1.07 
5.29 55.70 1.03 
4.34 51.99 1.50 
4.44 53.01 1.77 
5.96 63.55 1.03 
5.61 56.55 2.63 
4.38 46.56 1.57 
5.49 45.79 1.57 
6.42 58.09 1.60 
3.73 37.14 1.60 
5.61 56.35 1.30 
3.66 49.75 2.13 
3.46 40.30 2.70 
4.63 47.84 1.73 
4.23 38.93 1.80 
4.69 46.54 1.43 
4.57 49.39 1.57 
3.82 42.42 1.70 
4.10 51.38 1.37 
5.31 43.73 2.03 
25.33 27.00 1.67 
21.00 23.00 2.00 
19.00 21.67 2.67 
18.33 21.00 2.67 
18.00 22.67 4.67 
27.33 36.67 9.33 
21.33 25.00 3.67 
18.67 22.67 4.00 
20.67 26.00 5.33 
23.33 30.00 6.67 
19.67 21.67 2.00 
22.33 25.33 3.00 
21.33 25.33 4.00 
24.67 28.00 3.33 
23.67 26.67 3.00 
19.33 22.67 3.33 
22.33 26.00 3.67 
23.33 23.67 0.33 
21.33 24.00 2.67 
20.67 25.00 4.33 
21.67 23.67 2.00 
21.67 24.67 3.00 
21.00 23.00 2.00 
24.33 25.33 1.00 
22.33 26.00 3.67 
21.00 25.67 4.67 
22.67 24.33 1.67 
22.00 24.67 2.67 
19.00 23.67 4.67 
27.67 28.33 0.67 
22.33 24.00 1.67 
26.00 33.00 7.00 
21.00 24.33 3.33 
16.67 19.00 2.33 
20.33 22.33 2.00 
21.67 23.33 1.67 
20.33 23.00 2.67 
22.67 24.00 1.33 
19.00 20.33 1.33 
22.67 28.00 5.33 
17.00 20.67 3.67 
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Table Â59. Continued 
Means: 
Rind Stalk Stalk Anthesis 
Entries : Strength Strength Rot Anthesis Silking -to-Silking 
(kg) (kg) (0.5 to 6) 
283 4.63 52.30 1.23 26.67 27.67 1.00 
284 4.87 55.31 1.67 24.67 26.33 1.67 
285 5.47 57.34 1.03 22.00 25.33 3.33 
286 4.50 47.16 1.47 22.00 25.00 3.00 
287 5.31 50.90 1.37 23.67 30.33 6.67 
288 6.52 54.50 1.03 20.33 26.67 6.33 
289 4.78 44.76 1.50 19.33 19.67 0.33 
290 4.79 46.27 1.40 18.00 20.67 2.67 
291 4.41 46.11 1.83 22.33 24.00 1.67 
292 5.52 63.81 1.10 24.00 26.00 2.00 
293 5.56 57.59 1.37 22.67 24.33 1.67 
294 5.62 54.92 0.97 20.67 23.67 3.00 
295 5.50 54.12 1.00 18.33 23.33 5.00 
296 5.03 62.04 1.67 23.33 25.00 1.67 
297 5.35 56.82 1.23 22.33 25.67 3.33 
298 5.26 54.10 1.70 19.00 21.67 2.67 
299 4.84 38.70 1.57 27.00 28.00 1.00 
300 4.50 36.60 1.63 20.33 22.33 2.00 
Mean: 5.15 53.29 1.56 22.10 25.34 3.24 
Table Â60. Modified population dlallel analyses for yield and yield com­
ponents of BSI populations evaluated in Experiment 30 (Ames, 
1981) 
Ears per Ear 
Source d.f. Yield plant diameter 
Rep 
Entries 
DO 
AL 
Ave (AL) 
Bet b's 
DL 
Ave (DL) 
Bet b's 
DQ 
Ave (DQ) 
Bet b's 
HO 
Residual 
Error 
Total 
C.V. (%) 
4 
10 
1 
2 
1 
2 
40 
54 
31.82 
1110.93** 
8689.49** 
943.48** 
1478.69** 
408.27** 
27.01 
42.90 
11.12 
184.84* 
369.62** 
0.06 
3.52 
52.82 
45.43 
10.2 
5.97 
3.27 
0.01 
8.80 
15.43* 
2.17 
0.87 
0.93 
0.81 
1.66 
1.70 
1.62 
0.36 
4.84 
2.92 
14.9 
1.24 
22.92** 
144.66** 
35.84** 
53.90** 
17.78** 
4.73 
9.25* 
0.21 
0.60 
0.70 
0.50 
1.43 
0.38 
2.00 
3.2 
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Mean squares 
Kernel Ear Kernel Shelling Kernel 
rows length depth percentage weight 
0.44 0.95 0.22 0.42 20.73 
2.73** 11.60** 3.24** 20.99** 234.05** 
0.76 96.60** 25.07** 161.62** 961.43** 
10.93** 5.05** 2.39** 7.54 536.15** 
21.66** 9.68** 4.52** 14.62* 911.76** 
0.20 0.42 0.26 0.46 160.54* 
0.18 0.97 0.23 1.30 55.86 
0.00 1.21 0.40 0.03 66.72 
0.38 0.73 0.06 2.57 45.00 
0.30 1.10 0.21 4.22 4.02 
0.38 2.19 0.25 8.39 4.00 
0.22 0.01 0.17 0.05 4.08 
2.06 1.01 0.20 1.16 170.98* 
0.83 2.08 0.81 10.50 8.02 
0.70 0.73 0.24 2.74 31.75 
5.6 4.7 5.8 1.9 6.1 
Table A61. Regression coefficients and means for yield and yield com­
ponents of BSl populations evaluated In Experiment 30 (Ames, 
1981) 
Yield Ears per Ear diameter 
Parameter (q/ha) plant* (mm) Kernel rows 
Intercept 26.08 12.30 37.20 14.82 
DO 27.72±(3.01) -0.10±(0.76) 4.60+(0.60) 0.55±(0.37) 
ALi -1.20±(0.41) -0.15±(0.10) -0.21±(0.09) -0.21±(0.05) 
Alg -2.62±(0.41) -0.25+(0.10) -0.51+(0.09) -0.24±(0.05) 
DL^ 0.05±(1.98) 0.28+(0.50) -0.87±(0.42) -0.10±(0.25) 
DL2 -0.86±(1.98) -0.15+(0.50) -0.63+(0.42) -0.34±(0.25) 
DQl -0.58±(0.39) 0.01+(0.10) 0.04+(0.08) 0.05+(0.05) 
DQ2 -0.60+(0.39) 0.11+(0.10) -0.01+(0.08) 0.08+(0.05) 
HO -0.09±(0.31) 0.03±(0.08) 0.06±(0.07) 0.07±(0.04) 
Means 
CO 81.5 12.1 46.4 15.9 
MSC3 70.6 11.6 44.0 14.6 
SRC3 60.7 11.0 42.2 14.3 
CQ8 53.6 12.3 41.7 15.2 
Msca* 47.9 10.8 41.6 13.9 
sRcao 40.9 10.6 39.6 14.0 
C0XMSC3 81.2 11.8 44.8 14.8 
COxSRCS 76.5 10.6 44.4 14.4 
MSC3XSRC3 74.6 10.8 43.8 14.5 
^Regression coefficients» standard errors, and means were multiplied 
by 10. 
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Trait 
Ear length Kernel depth Shelling Kernel weight 
(cm) (mm) percentage (%) (8) 
13.44 6,15 78.04 71.82 
3.21+(0.38) 1.57±(0.22) 3.29+(0.74) 8.99±(2.52) 
-0.14±(0.05) -0.096(0.03) -0.17±(0.10) 1.04±(0.34) 
-0.18+(0.05) -0.12±(0.03) -0.22±(0.10) 1.93±(0.34) 
-0.44+(0.25) -0.12+(0.14) 0.07±(0.49) -0.56+(1.65) 
-0.18±(0.25) 0.02+(0.14) 0.50±(0.49) 1.05+(1.65) 
-0.00±(0.05) -0.01±(0.03) -0.12+(0.10) -0.57±(0.33) 
-0.01+(0.05) -0.04±(0.03) -0.11±(0.10) -0.41±(0.33) 
0.05±(0.04) -0.02±(0.02) -0.05±(0.08) -0.61±(0.26) 
19.9 9.3 84.6 89.8 
18.3 8.6 83.0 93.7 
18.3 8.3 83.4 102.1 
16.7 7.7 81.4 81.6 
16.4 7.5 80.6 91.5 
15.7 7.1 79.6 93.7 
19.1 9.0 84.9 96.9 
19.2 9.2 85.0 99.7 
19.3 8.6 84.4 95.8 
Table Â62. Modified population dlallel analyses for plant and maturity 
traits of BSl populations evaluated in Experiment 30 (Ames, 
1981) 
Source d.f. Anthesis Silking 
Rep 
Entries 
DO 
AL 
Ave (AL) 
Bet b's 
DL 
Ave (DL) 
Bet b's 
DQ 
Ave (DQ) 
Bet b's 
HO 
Residual 
Error 
Total 
C.V. (%) 
4 
10 
1 
2 
1 
2 
40 
54 
6.07 
21.92** 
138.60** 
25.82** 
3.25 
48.39** 
0.10 
0.18 
0.02 
7.52* 
14.86** 
0.18 
2.80 
5.46 
1.84 
7.3 
3.20 
20.11** 
143.44** 
15.69** 
1.34 
30.04** 
0.04 
0.02 
0.06 
7.54* 
15.08* 
0.00 
4.63 
3.24 
2.24 
7.2 
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Mean squares 
Anthesls- Plant Ear No. of Length of 
to-sllking height height internodes internode 
0.98 143.85 66.54 0.51 1.15 
0.55 1572.96** 893.68** 3.07** 1.05** 
0.04 12681.38** 6446.46** 23.47** 7.25** 
1.30 1201.04** 1019.66** 3.42** 0.20 
0.41 360.04* 17.24 1.01 0.08 
2.19 2042.04** 2022.08** 5.83** 0.32 
0.24 90.27 130.57 0.12 0.12 
0.34 134.26 69.84 0.15 0.20 
0.14 46.28 191.30* 0.09 0.04 
0.09 158.29 66.05 0.05 0.65* 
0.00 220.81* 58.66 0.05 0.52 
0.18 95.77 73.44 0.05 0.78 
0.23 67.03 3.80 0.10 0.85 
0.98 41.00 26.99 0.00 0.01 
1.16 50.69 42.72 0.27 0.20 
54.8 3.2 5.9 3.6 2.8 
Table Â63. Regression coefficients and.means for plant and maturity 
traits of Bsi populations evaluated in Experiment 30 (Ames, 
1981) 
Anthesls-to-
Parameter Anthesis Silking. sliking 
Intercept 23.60 25.80 2.20 
DO -2.70±(0.61) -2.90±(0.67) -0.20±(0.48) 
AL, 0.12±(0.08) 0.13±(0.09) 0.00±(0.07) 
AL, -0.36±(0.08) -0.26+(0.09) 0.11±(0.07) 
DL. -0.50+(0.40) -0.37±(0.44) 0.13+(0.32) 
DL, -0.40±(0.40) -0.43±(0.44) -0.03±(0.32) 
DQi 0.18±(0.08) 0.18±(0.09) -0.00±(0.06) 
DQZ 0.14±(0.08) 0.18+(0.09) 0.03±(b.06) 
HO 0.08±(0.06) 0.10+(0.07) 0.02±(0.05) 
Means 
CO 18.2 20.0 1.8 
MSC3 19.4 21.2 1.8 
SRC3 16.4 18.8 2.4 
CO» 21.3 23.0 1.7 
MSC3& 22.0 23.6 1.6 
SRC 39 19.0 21.4 2.4 
C0XHSC3 17.2 19.0 1.8 
C0xSRC3 16.0 17.8 1.8 
MSG3XSRC3 16.4 18.6 2.2 
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Trait 
Plant height Ear height No. of Length of 
(cm) (cm) Intemodes Internode (cm) 
159.97 70.61 11.48 14.17 
35.00±(3.18) 25.07+(2.92) 1.41+(0.23) 0.96±(0.20) 
2.60±(0.44) 1.41±(0.40) 0.14+(0.03) 0.04±(0.03) 
-0.57±(0.44) -1.75±(0.40) -0.03+(0.03) 0.00+(0.03) 
-3.24±(2.09) -3.04±(1.92) -0.08±(0.15) -0.16+(0.15) 
-2.70±(2.09) -0.34±(1.92) 0.03±(0.15) -0.23±(0.15) 
-0.52±(0.42) -0.48±(0.14) -0.01+(0.03) -0.02±(0.03) 
0.25±(0.42) 0.19±(0.14) -0.02+(0.03) 0.04+(0.Û3) 
0.38±(0.33) 0.09+(0.30) -0.01±(0.2) 0.04±(0.02) 
230.0 120.8 14.3 16.1 
236.2 121.5 15.0 15.8 
222.5 110.2 14.0 15.9 
194.1 95.1 12.8 15.1 
215.6 109.9 13.9 15.5 
193.4 84.5 12.7 15.2 
237.8 125.5 14.7 16.2 
224.0 113,8 14.4 15.6 
238.7 120.1 14.5 16.4 
Table Â64. Modified population dlallel analyses for yield and yield com­
ponents of BSl populations evaluated in Experiment 30 (Ankeny, 
1981) 
Ears per Ear 
Source d.f. Yield plant diameter 
Rep 4 45.94 1.15 7.48 
Entries 10 791.36** 2.05 21.99** 
DO 1 5248.94** 0.26 136.81** 
AL 2 1258.41** 8.26** 39.06** 
Ave (AL) 1 2416.99** 14.93** 42.03** 
Bet b's 1 99.83 1.59 36.09** 
DL 2 3.67 0.65 0.72 
Ave (DL) 1 0.15 0.01 1.12 
Bet b*s 1 7.19 1.29 0.32 
DQ 2 11.47 0.72 0.21 
Ave (DQ) 1 2.16 1.41 0.34 
Bet b's 1 20.78 0.03 0.08 
HO 1 116.28 0.23 0.23 
Residual 2 0.64 0.38 1.44 
Error 40 88.00 1.25 2.50 
Total 54 
C.V. (%) 16.1 11.3 3.6 
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Mean squares 
Kernel Ear Kernel Shelling Kernel 
rows length depth percentage weight 
1.92 1.88 0.57 7.68 7.43 
1.76* 10.20** 2.21** 13.91 188.06** 
3.70* 67.12** 10.05** 26.79 807.00** 
5.99** 11.85** 1.07 28.75* 325.34** 
10.22** 23.64** 2.14 55.17* 518.18** 
1.76 0.06 0.00 2.33 132.50 
0.23 3.82 2.96** 7.58 58.00 
0.15 0.01 3.50* 5.24 7.36 
0.31 7.63* 2.42* 9.92 108.64 
0.52 1.04 0.60 17.42 55.63 
0.12 0.32 1.19 27.47 109.94 
0.92 1.76 0.01 7.37 1.32 
0.08 0.55 0.36 0.02 24.25 
, 0.13 0.46 1.22 2.40 85.70 
0.86 1.76 0.55 8.06 59.34 
Table Â65. Regression coefficients and means for yield and yield com­
ponents of BSl populations evaluated in Experiment 30 (Ankeny, 
1981) 
Regression Yield Ears per Ear diameter 
coefficients (q/ha) plant* (mm) Kernel rows 
Intercept 32.50 10.20 39.0 14.47 
DO 20.03+(4.20) 0.20+(0.50) 3.10+(0.71) 0.55+(0.41) 
-2.11±(0.57) -0.15±(0.07) -0.11+(0.10) -0.11±(0.06) 
AL, -2.81±(0.57) -0.24±(0.07) -0.54±(0.10) -0.21±(0.06) 
DL^ 0.83±(2.75) 0.20±(0.33) 0.07±(0.46) 0.02+(0.27) 
DL, 2.23±(2.75) -0.10+(0.33) 0.27±(0.46) 0.00±(0.27) 
DQi -0.14±(0.55) 0.02+(0.06) 0.01±(0.09) 0.06±(0.05) 
DQ2 -0.50±(0.55) 0.01±(0.06) -0.01+(0.09) -0.02±(0.05) 
HO -0.50±(0.44) -0.02+(0.05) 0.02±(0.07) 0.02±(0.04) 
M e a n s  . . .  
CO 72.6 10.6 45.2 15.6 
MSGS 61.6 10.2 44.6 15.2 
SRC3 57.2 9.2 42.2 14.2 
COB 52.5 10.4 42.1 15.0 
MSG 3D 40.4 9.2 41.2 14.1 
SRC 3D 34.9 9.2 38.4 13.8 
C0xMSC3 68.4 10.2 44.8 14.9 
C0xSRC3 69.3 9.8 43,8 15,0 
MSG3xSRC3 56.1 9.0 43.8 14.6 
^Regression coefficients, standard errors, and means were multiplied 
by 10. 
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Trait 
Ear length Kernel depth Shelling Kernel weight 
(cm) (mm) percentage.(%) (g) 
14.20 8.06 81.95 79.62 
2.31±(0.59) 0.31+(0.33) 1.16±(1.27) 7.15+(3.44) 
-0.24±(0.08) -0.07±(0.04) -0.43±(0.17) 0.74+(0.47) 
-0.25+(0.08) -0.07+(0.04) -0.32+(0.17) 1.54±(0.47) 
-0.19±(0.39) 0.20±(0.22) 0.05±(0.83) -1.06±(2.26) 
0.40±(0.39) 0.65±(0.22) 0.56±(0.83) 2.05+(2.26) 
-0.09+(0.08) 0.01±(0.04) 0.03±(0.17) -0.41±(0.45) 
0.01+(0.08) 0.01±(0.04) 0.24+(0.17) -0.50±(0.45) 
-0.03+(0.06) -0.03+(0.03) -0.01±(0.13) -0.23±(0.36) 
18.8 8.7 84.3 93.9 
16.7 8.7 82.1 94.9 
18.0 9.3 84.7 103.3 
16.5 8.4 83.1 86.8 
15.8 7.7 80.5 94.5 
14.4 6.9 79.7 94.5 
18.6 8.6 82.9 98.0 
18.3 8.9 82.3 103.1 
17.4 8.3 80.8 103.1 
Table A66. Modified population dlallel analyses for plant and maturity 
traits of BSl populations evaluated in Experiment 30 (Ankeny, 
1 9 8 1 )  . . .  
Source d.f. Anthesis Silking 
Rep 
Entries 
DO 
AL 
Ave (AL) 
Bet b's 
DL 
Ave (DL) 
Bet b's 
DQ 
Ave (DQ) 
Bet b's 
HO 
Residual 
Error 
4 
10 
1 
2 
1 
2 
40 
0.75 
9.62** 
40.26** 
23.48** 
0.02 
46.94** 
1.45 
0.62 
2.28 
0.12 
0.07 
0.17 
5.71 
0.06 
1.55 
3.73 
20.40** 
66.49** 
50.21** 
0.13 
100.29** 
4.52 
7.54 
1.50 
0.58 
1.15 
0.01 
16.51 
5.19 
2.37 
Total 
C.V. (%) 
54 
8.0 8.7 
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Mean squârés 
Anthesis- Plant Ear No. of Length of 
to-silking height height Internodes internode 
3.62 419.03 182.11 4.14 4.00 
3.37** 994.69** 577.04** 0.83 3.70** 
3.27 8549.36** 3961.30** 2.89* 27.16** 
5.12* 408.12 515.63** 0.98 1.19 
0.24 23.54 136.98 1.09 1.67 
10.00** 792.70* 894.28** 0.87 0.71 
1.96 21.91 138.00 0.76 1.08 
3.83 2.00 111.22 0.28 1.08 
0.09 41.82 164.78 1.24 1.08 
0.49 110.91 70.30 0.18 2.39 
0.66 123.27 11.64 0.33 3.28 
0.32 98.55 128.96 0.03 1.50 
2.80 58.51 94.89 0.58 0.34 
6.24** 128.58 133.18 0.50 0.09 
1.15 134.26 99.04 0.44 0.83 
50.3 5.0 8.3 5.7 4.6 
Table Â67. Regression coefficients and.means for plant and maturity 
traits of BSl populations evaluated in Experiment 30 (Ankeny, 
1981) 
Regression Anthesis-to-
coefficients Anthesis Silking silking 
Intercept 19.00 23.00 4.00 
DO -2.30±(0.56) -3.60+(0.69) -1.30±(0.48) 
itt. 0.23±(0.08) 0.37+(0.09) 0.14+(0.07) 
-0.25±(0.08) -0.33+(0.09) -0.09+(0.07) 
0.30±(0.36) 0.09±(0.45) 0.60+(0.31) 
0.674(0.36) 1.27+(0.45) 0.60±(0.31) 
DQ, -0.09±(0.07) -0.10±(0.09) -0.01±(0.06) 
BQj -0.06±(0.07) -0.lit(0.09) -0.06±(0.06) 
HO -0.1I±(0.06) -0.19+(0.07) .. —0.08±(0.05) 
Means 
CO 14.4 15.8 1.4 
MSC3 16.0 19.2 3.2 
SRC3 13.8 15.4 1.6 
CO» 16.7 19.4 2.7 
MSC30 18.2 21.0 2.8 
SRC3@ 14.6 16.2 1.6 
C0xMSC3 16.0 18.4 2.4 
C0XSRC3 14.6 16.6 2.0 
MSC3xSRC3 14.2 15.8 1.6 
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Trait 
Plant height 
(cm) 
Ear height 
(cm) 
No. of 
internodes 
Length of 
internode (cm) 
185.42 
25.63±(5.18) 
1.23±(0.7l) 
93.95 
15.47±(4.45) 
0.46±(0.61) 
10.34 
0.75+(0.30) 
0.08+(0.04) 
18.09 
0.98+(0.41) 
-0.04+(0.06) 
-0.75+(0.71) -1.64±(0.61) 0.02+(0.04) -0.09±(0.06) 
-2.02+(3.40) -1.74±(2.92) -0.38+(0.19) 0.41±(0.27) 
1.21±(3.40) 3.50±(2.92) -0.09±(0.19) 0.29+(0.27) 
0.34+(0.68) 0.68+(0.58) 0.03±(0.04) -0.02±(0.05) 
-0.44+(0.68) -0.22±(0.58) 0.05±(0.04) -0.12+(0.05) 
0.36±(0.54) 0.45±(0.46) 0.04±(0.03) ^0.03+(0.04) 
236.7 124.9 11.8 20.0 
242.1 128.1 12.0 20.3 
229.9 117.1 12.0 19.2 
211.0 109.4 11.1 19.1 
219.5 111.7 12.0 18.3 
204.6 93.1 11.1 18.4 
236.3 120.4 11.6 20.4 
237.2 122.9 11.5 20.7 
243.3 126.6 11.9 20.5 
